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THE 


Author's PREFACE. 


1 has been the peculiar felicity of the 


preſent age, that the knowledge of 
nature has been proſecuted with great 
application and ſucceſs, not only with 
us here in Holland, but indeed all the world 
over; and that by men of the greateſt ge- 
nius, learning, and capacity. They have 


wiſely reſtrained that once prevailing and 


licentious cuſtom of feigning hypotheſes, of 
which former ages had been ſo fond; in the 
room of which they have ſubſtituted ex- 
periments faithfully made, directed to cer- 
tain views, and ſupported as much as may 
be by mathematical demonſtrations. By 
this means a ſure method of philoſophiſing 


has been diſcovered and introduced, Phyſicks 


have been ſettled upon a firm baſis, and 
ſcience has been reſcued from fiction and ro- 
mance, with which before it had been over- 
run : for from obſervations and experiments 
duly made and compared, ſure concluſions 
are deduced; and mathematical reaſonings 
being called in to aſſiſt, the proportions of 
forces and actions are inveſtigated, and ge- 
neral rules are derived, which in like cir- 
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cumſtances will always obtain ; and nothing 
is admitted for truth, but what may be evi- 
dently and fairly demonſtrated. And when- 
ever ſuch myſteries and ſubtilties of nature 


' ſhall occur, as ſhall elude our utmoſt pene- 


tration, and baffle the ſtricteſt ſcrutinies and 
repeated experiments ; there it will become 
all ſincere lovers of truth, to acknowledge 
the want of ſufficient data to clear up the 
problem, and to ſubmit to thoſe limits which 
are there aſſigned to human underſtanding. 
And thus Philoſophers will learn to be mo- 
deſt, and neither deceive themſelves or others 
with an affected ſhew of knowledge; but 
rather excite other diligent enquirers into 
nature, that are to come after us, to diſco- 
ver and explain ſuch things as at preſent are 
concealed from us. 

I firſt compoſed this ſhort ſyſtem of the 
Elements of Phyſicks for the uſe of the 
younger Students in Univerſities. And where- 
as ſince it's firſt publication many notable im- 


provements have been made in natural Phi- 


lolophy, I have collected ſome of them to- 


gether, and inſerted them in the preſent 


edition ; I have altered ſome of the more 
prolix and leſs univerſal demonſtrations ; ſome 
others I have illuſtrated with new arguments 
and obſervations ; others again I have either 
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The Author's P RE FACE. 
corrected or expunged, according as I have 
been better informed by later diſcoveries: 
for in Phyſicks every day's uſe and experi- 
ence adds ſomething new; ſo that many 
things which before ſeemed to be ſufficient- 
ly proved, were afterwards found to have 
been received without due caution and exa- 
mination. I have refrained from the diſ- 
cuſſion of arduous and knotty points, that 
ſuch of my auditors as are as yet novices 
might not be deterred and diſcouraged, by 
ſubtilties that exceed their preſent capacity. 
My chief aim was this, that I might lay 
ſuch foundations of natural Philoſophy, as 
were not only true but eaſy; and J have al- 
ways choſe to inſiſt on ſuch as were uſeful 
and agreeable, endeavouring to explain them 
clearly, to examine other men's opinions and 
prejudices about them, and to expel ſuch as 
I found erroneous, as well out of my own as 
the minds of others. I am attached to no 
party, but to that of truth only, Such 


* things as have been well demonſtrated by the 


molt acute des. Cartes I have retained, The 
very many and great diſcoveries of the illu- 
ſtrious Newton (the glory of England, to 
whom no age has produced an. equal) by 
which he has ſo much advanced Philoſophy, 
I have readily embraced. -I have adopted 
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the opinion of the noble and excellent Leib- 
nitz, concerning the forces of moving bo- 
dies, being in a duplicate ratio of their veloci- 
ty; and J have confirmed it by demonſtra- 
tions and experiments: for that the truth of 


this controverted doctrine is on the ſide of 


that great Philoſopher, I am convinced by 
exact obſervations made on bodies in motion. 

That attraction obtains in all bodies what- 
ever I am ſufficiently aſſured by a multipli- 
city of experiments. I do not advance this 
as an hypotheſis, nor maintain it out of pre- 
judice, or in complaiſance to any party; for 
formerly I exploded it as a fiction, as many 
learned men have done, But a multitude of 
experiments ſince made upon bodies, repeated 
examinations of the phenomena, and ſerious 
and continued meditations on the ſubject, 
have now convinced me of the truth of this 
principle of attraction, For bodies are not 
merely extended things, which are endued 
with nothing but what reſults from their ex- 
tenfion, as many Philoſophers have been of 
opinion, They that have aflumed this hy- 
potheſis have endeavoured to account for all 
the appearances from external and corporeal 
impulſe. It has been abundantly proved by 
the moſt knowing men of this age, that not 


only the ſubſtances of all other things, but 
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even thoſe of bodies, are beyond the cogni- 
zance of the human mind; that their eſſences 
and natures are unknown to us, and what is 
within their outward ſurfaces 1s entirely con- 
cealed from us. They are found to have 
many properties which cannot proceed from 
extenſion alone, nor have any thing in com- 
mon with it, but which reſide purely within 
the bodies, and are only diſcoverable by their 
effects. The phenomena of attraction cannot. 
be derived from external corporeal impulſe; 
but whereas attraction by ſome was entirely 
baniſhed out of natural Philoſophy, without 
due examination all the appearances were 
preſently aſcribed to external impulſe ; and 
fince no impelling cauſe could be obſerved 
by our ſenſes, thoſe that were reſolved to 
give mechanical ſolutions for every thing, 
feigned the exiſtence of ſome very ſubtile 
fluid, to which they might aſcribe what 
effects they pleaſed ; ſo that nothing was too 
dithcult for it, but every thing might be ac- 
counted for by it. And yet none of theſe 
Philoſophers could prove by any deciſive ex- 
periment, or probable argument, that this 
fluid had any real exiſtence ; and no wonder, 
ſince it has no being in nature. But even if 
it's exiſtence were granted, it would ſoon 
appear upon trial, that the phenomena could 
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by no means be explained by it. Therefore 
ſome upon this hypotheſis graft another, 
that this fluid acts by laws yet unknown; ſo 
that one hypotheſis is eſtabliſhed by another 
as precarious as the former : ſuch is the force 
of prejudice and attachment to party! There- 
fore I ſhall not ſo much as mention, and 
much leſs refute, thoſe difficulties which 
ſome Philoſophers have urged againſt attracti- 
on, having as yet found none but what pro- 
ceeded from prejudice and crude hypotheſes. 


That attraction really inheres in bodies, very 


many experiments and daily obſervation ſuffi- 
ciently evince. But what this attractive 
force is, how it inheres, in what manner it 
operates upon other bodies, and in what 
proportion of the diſtances it conſtantly acts, 
we cannot by any means conceive clearly. 
In this new diſcovered doctrine we have as 


yet made but a ſmall progreſs, and many 


more obſervations are ſtill wanting, before all 


it's laws can be demonſtrated; and therefore 


in our times we ſhall hardly be able to re- 
duce ſome things to geometrical reaſoning 


and calculation. I am far from imagining, 


that by the mere uſe of this one word, and 
with but little trouble, all the extenſive ope- 
rations of nature may be explained. Perhaps 
the manner, in which the attractive force 


operates, 
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operates, will never be known; and ſuch a Fi 
degree of knowledge is never to be attained 
by the ableſt Philoſophers; for indeed we 
do not underſtand the manner of operating 
of any one thing; and all we can do is to 
obſerve the effects that conſtantly flow from 
thence, When two bodies impinge againſt 
one another, how do they operate upon each 
other ? What is force, and how is it tranſ- 
' ferred from one to the other? Or if we ſhould 
allow, according to the opinion of ſome, that 
an infinite quantity of force is infuſed into 
every body, how does the force in one body {| 
operate upon the force of another body ? 
All theſe myſteries are concealed from us 4 
mortals. Thoſe that think they very well 
underſtand the impulſe of bodies, becauſe 
manifeſt effects of it continually preſent them- 
ſelves before their eyes, ſeem not at all to | | 
conſider what produces thoſe effects, nor to 
- diſtinguiſh between the cauſe ard the effect. 
Nor is it better underſtood, how the human 
body acts upon an incorporeal mind, or how 
the mind acts upon the body; or how a 
ſpirit can act upon a ſpirit. Theſe things 
will always be ſecrets to us, into which we 
are not permitted to penetrate. Let us there- 
fore leaye theſe fruitleſs enquiries, and apply 
_ ourſelves carefully to obſerve the effects, and 
I to 
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to make proper experiments, that we may 
have ſure and firm foundations to reaſon up- 
on; and that quitting all prejudice and pre- 


poſſeſſion, and avoiding party deciſions, as 


alſo the itch of diſputing, we may purſue 
truth only, promote ſcience, and fo direct 
our united ſtudies and endeavours, that they 
may terminate in the general benefit of man- 
kind. For, as the poet tells us, unleſs there 
be ſome real uſe in what we do, the reputa- 
tion we may aim at by doing it will be empty 
and vain, But efpecially we ſhould make it 
our endeavour, that by what we do the in- 
finite wiſdom, power, and goodneſs of the 
omnipotent Creator may be diſplayed, mani- 
feſted, and celebrated in all his works, of 
which we may take abundant occaſion by 
arguments taken from natural Philoſophy. 
This is what I always had in view, when I 
explained any thing of this kind to my audi- 
tors. I took this opportunity to inculcate to 
their minds theſe divine attributes, and to 
inſpire them with a ſincere love, piety, and 
reverence towards the Supreme Being, God, 
bleſſed for evermore. 
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TRA OR. 
WAS induced to undertake the tranſla- 
tion of the following work, for the uſe of 
Engliſh readers, becauſe I thought we 

wanted a complete ſyſtem of natural Philoſo- 

phy in our own tongue; and I know of none 
that ſo well deſerved that character, or would 
fo well anſwer the end of an eaſy mathemati- 
cal Inſtitution, as this of our learned Author, 


But though ] have a great opinion of the 
work in general, and think it as perfect as 
any intire ſyſtem can be expected to be, yet I 
muſt take the liberty to difſent from the author 
in a few things, one or tao of which I ſhall but 
Juſt hint at here. Particularly in what he men- 
tions above, and frequently elſewhere, concern- 
ing the forces of bodies in motion; which (with 
Mr. Leibnitz and other great names) he con- 
tends to be in a duplicate proportion of their 
velocities; and ajjirms, that he has verified 
the ſame by a multitude of experiments. 

But 
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But theſe experiments (T think) are too com- 
plicate and fallacious, to be appealed to as 
deciſive, or to be made the foundation of a 
general rule, which 1s to comprehend all caſes 
whatever. Certainly this rule ought to be 
derived from the ſimpleſt caſe poſſible, and then 
with due reſtrictions may be extended lo other 
caſes, When bodies very elaftick impinge 
againſt one another, after the firſt conflict, 
or after the moment that their ſurfaces come 
into contact, they may indeed continue to act 


for ſome time by their elaſticity, and ſo the 
effect ceteris paribus may be conjunctly as the 


velocity and time of action; which time being 
alſo as the velocity, the effect on that account 
may be as the ſquare of the velocity. And it 
may be argued much in the ſame manner, when 
a hard body penetrates into a very ſoft body, 
as clay, butter, &c. and ſo les all it's mo- 
tion by degrees. But ſurely the ſimpleſt caſe 
is, when a hard body impinges againſt another 
hard body, or rather againſt ſome invincible 
obſtacle, where the ſhock will be made, and | 
the effect produced, in an inſtant of time. This | 
therefore is the caſe to which the general rule | 


ſhould be accommodated; and then the force | 


cannot be eſtimated to be as the ſquare or any | 
other power of the velocity, but in the ſimple | 
ratio of the velocity itſelf. 
T ſhall | 
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T ſhall juſt mention one thing more, in 
which I think our Author has concluded ſome- 
thing too haſtily. He tells us, F. 387, that 
the time of the vibration of a pendulum, in 
the ſmall arch of a circle, is equal to the time 
of it's fall along the chord of that arch, or, 
which is the ſame thing, along the diameter of 
that circle. And this he infers from the near 
corncidence of a ſmall arch with it's chord, 
and therefore he ſays, the times of their de- 


ſeription will be equal, But it has been 


proved by Huygens and others, that when a 
body vibrates in a cycloid, all the vibrations 
great and ſmall will be i ſochronous; and that 
the time of an intire vibration is to the time 
of the fall along the axis of the cycloid, as the 
circumference of a circle is to it's diameter, 
But a ſmall vibration in a cycloid, and in a 
circle of the ſame curvature at the vertex, 
that is, whoſe radius is equal to the length of 
the cycloid, will be performed in the ſame 
zime, 
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CHAP. I. 
Concerning Philoſophy, and the rules of Philoſopbiſing. 


§. 1. HILOS OPHY is the knowledge 
of all things both divine and 
human, and of their properties, 
operations, cauſes, and effects; 
which may be known by the underſtanding, the 
ſenſes, reaſon, or by any other way whatever. 
It's end is to promote the real happineſs of man- 
kind, as far as may be attained in this life. 
By things divine we mean God himſelf, and all 
the works he has produced out of himſelf, whe- 
ther they are ſpiritual, or whether they are cor- 
poreal and extended. 

We call human things all the actions of men, 
and all artificial things contrived by them, by 
diſpoſing the things they find created to their 
hands, in a new manner and ſituation, 
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As to what regards ſpiritual Beings, this can be 
known only by reaſon and the underſtanding. 

What is corporeal can only be known by the 
means of our ſenſes. The knowledge of each 
of thoſe, being firſt acquired by our underſtand- 
ing and ſenſes, may be much promoted and ex- 
tended by reaſoning and reflection. 

The term Philoſophy, which denotes the ſtudy 
of wiſdom, was firſt introduced by Pythagoras, 
who profeſſed himſelf not to underitand any of the 
arts, but to endeavour to diſcover them: whereas 
they were called S9ph;, who pretended to know 
and cultivate arts and ſciences, 

. 2. Philoſophy is a very ample ſcience, and 
therefore ought to be diſtributed into certain parts, 
which we ſhall reduce to the ſix following. The 
firſt is Pneumatic, which comprehends whatever 
belongs to ſpiritual exiſtences, their attributes 
and operations. The ſecond is Phy/icks, which 
conſiders the ſpace of the whole univerſe, and 
all bodies contained in it; enquires into their 
nature, attributes, properties, actions, paſſions, 
ſituation, order, powers, cauſes, effects, modes, 
magnitudes, origins; proving theſe mathema- 
tically, as far as may be done. The third is 
Teleology, which inveſtigates the ends, for the 
ſake of which all things in the univerſe have 
their exiſtence, and all their actions, changes, 
and motions are performed; at leaſt as far as 
human ſagacity can penetrate. For this know- 
ledge can never be carried to perfection, becauſe 
it is out of the reach of men to find out all the 
ends which the Creator has propoſed to himſelf. 
And when we think we have found any of them, 
it can hardly be demonſtrated in mathemarical 
rigour. The fourth is Metaphyficks, which ex- 


plains ſuch general things as are in common to 
all 
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all created beings. As what is being, ſubſtance, 


mode, relation, poſſible, impoſſible, neceſſary, 


contingent, Fc. Fifthly, Moral Philoſophy gives 
us rules, by which we ſhould direct all our 
actions, in order to diſcharge thoſe duties we 
owe to God, to ourſelves, and to other men; 
and that whether we conſider ourſelves as living 
in a natural, a civil, or domeſtick condition : 
ſo that making a due diſtinction between good 
and bad actions, and by the practice of good 
ones only, that is of virtue, we may make our 
lives as happy as we can. Sixthly and laſtly, 
Logick, which conſiders the intelligent and rea- 
ſoning faculty of the human mind, and inſtructs 
us in the methods of reaſoning juſtly, and of 
avoiding error; and directs the underſtanding 
in it's ſearch after hidden truths, and teaches to 
demonſtrate them when found. 

K. 3. The beſt preparation for the attainment 
of Philoſophy 1s a previous acquaintance with the 


Liberal Arts, and eſpecially the Mathematicks. For 


firſt this ſharpens and 1mproves the mind, and 


ſecondly it ſupplies us with ſpecimens of ſtrict 


demonſtration; and laſtly, without this we can 


comprehend nothing in Mechanicks, Hydroſta- 


ticks, Opticks, or Aſtronomy. Out of all the 


parts of Philoſophy here enumerated, we have 
made choice of Phyſicks, and ſhall only deliver 
it's fundamental principles; for it will ſoon ap- 
| pear to be a ſcience of ſo large extent, that the 


academical youth, by reaſon of the ſhortneſs 
of the time allowed, can only be inſtructed in 


it's firſt principles. 


§. 4. The objects of Phyſicks are Body, ace, 


and Motion; and what is underſtood by theſe, 


I ſhall declare very briefly, Whatever thing 


we can fee or feel, or whatever reſiſts preſſure, 
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we may call Body. The extenſion of the univerſe, 
in which all bodies are placed and move every way, 
I ſhall call Space. And the tranſlation of body out 
of one part of ſpace into another, is Motion. 

$ 5. All the ſituations, motions, mutations, 
and actions of bodies, which we may obſerve 
by our ſenſes, whether by one or more of them, 
are called Phenomena or Appearances, Thus the 
order of thoſe ſeven bright ſtars in the con- 
ſtellation of the Great Bear, is a phznomenon of 
Situation. As the ſun ariſes every day, comes 
to his meridian altitude, and then ſets, he ſu 
plies us with phænomena of Motion. The form 
and appearance of the moon is changed, now as 
it increaſes with it's horns extended, then as it 
ſhines with a full orb, and laſtly, as it decreaſes 
and returns to it's firſt ſtate z by which it exhibits 
a phænomenon of Mutation. So we have one of 
Action, from bodies impinging upon one another, 
or by powers mutually drawing each other. 

$. 6. But no change can __— to bodies, of 
which motion is not the cauſe, either by being 
communicated or ſuppreſſed. For every increaſe, 
decreaſe, generation, corruption, or other alter- 
ation whatever, which can happen to bodies, 
depends upon motion. We do not preſently 
perceive this, when we view bodies in a curſo 
manner, but we muſt conſider their alterations 
more attentively. Thus all kinds of wood, 
though at reſt, and never ſo hard, yet are chang- 
ed, diſſolved, and crumbled into duſt by old age. 
This whole change is brought about by air and 
fire, which eaſily penetrate the pores of the | 
wood, ſhake it's internal parts, carry away ſome 
of the more volatile, and ſeparate the other parts 
from one another. Indeed almoſt all the actions 
of bodies either depend on motion, or produce 

motion; 


. 
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motion; ſo that motion is the principal object 
of Phyſicks. 

$. 7. All bodies are obſerved to move accord- 
ing to ſtated laws or rules, whatever may be the 
cauſe of their motions. By the name of Laws we 
call thoſe conſtant appearances, which are always 
the ſame, whenever bodies are placed in like cir- 
cumſtances. Plants and animals are always pro- 
duced from their proper ſeed, by the ſame con- 
ſtant and invariable law. Bodies ſtriking one 
another act by inviolable rules, as well in loſing 
their own force, as in transferring it to others. 
Therefore by knowing and obſerving theſe laws, 
we can often know and foreſee what will be their 
effects. For if we obſerved yeſterday, that a 
wedge, being impelled with a certain force, clove a 
piece of wood; we may certainly conclude, that a 
wedge being impelled to day with the ſame force 
will have the ſame effect. If laſt year ſome ripe 
muſtard-ſeed, when ſowed in good ground, pro- 
duced a plentiful crop, we may expect it will do the 
fame this year, if the circumſtances are the ſame. 

$. 8. Theſe laws are diſcoverable only by the 
uſe of our ſenſes; for the wiſeſt of mortals could 
not have diſcovered any of them by reaſon and 
meditation, nor can pretend to have any innate 
ideas of them in his mind. For they all reſult 
from the arbitrary appointment of the Creator, 
by which he has ordered, that the ſame conſtant 


motions ſhall always obtain on the ſame occaſions. 


Hence every plant produces it's own ſeed, whence 


again not a different but a like plant ſhall be re- 


produced. Hence every animal produces it's 


like; and a body of a determinate magnitude, 


{ſtriking another with a certain velocity, will com- 
municate a determinate motion to it. Alſo a 
heavy body, when left to itſelf, will fall down- 
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wards of it's own accord, with a motion conti- 
nually accelerated. 

All theſe things might have been otherwiſe 
conſtituted, if God had ſo pleaſed. And why he 
thought fit to conſtitute them in this manner, 
we can by no means apprehend. It is ſufficient 
for us to know, that they are thus conſtituted, 
and to adore- the infinite wiſdom of the Creator, 
in this moſt admirable order and conſtitution of 
the univerſe. Therefore the cauſe and reaſon 


of theſe laws are entirely unknown to us; but 
we know they will perpetually be obſerved, be- 


cauſe the divine will acts always in the moſt con- 
ſtant and uniform manner, 

By having recourſe to theſe laws, we know 
when a thing falls out in a natural, and when in 
a miraculous manner. For thoſe are natural 
phenomena, which are conſtantly obſerved to 
happen after the ſame manner, when bodies are 
placed in like circumſtances. And thoſe are mz- 
raculous phenomena, which happen contrary to 
theſe Jaws. 

$. 9. But becauſe all the laws of nature are 
not yet diſcovered, we ought to ſearch them out 
diligently, as well in terreſtrial as celeſtial bodies. 
Therefore all their kinds and ſorts are to be care- 
fully examined, of which thoſe that conſtitute 


our earth are, by Philoſophers, divided into theſe 


three kingdoms, the vegetable, the animal, and 
the foſſile kingdoms; to which perhaps we may 
not improperly join that of the atmoſphere. 
Now in every kingdom the kinds are very 
numerous, and the ſpecies many; ſo that natu- 
ral Philoſophy can never be exhauſted, ſince all 
are to be examined ieparately, even to every indi- 
vidual, But this muſt be done, becauſe nature 
abounds with ſuch variety; and we ought not to 


eſtabliſh 
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eſtabliſh general rules from a few trials, which 
can only afford us particular concluſions, Thus 
from the eggs of many inſects there proceeds an 
animalculum, which, always keeping the ſame 
form, grows up to maturity; as ſpiders, lice. 
From the egg of an animalculum of another kind 
a little worm is generated; which is changed in- 
to an aurelia, and then into an animalculum 
which grows up, but never flies; as a flea, From 
other eggs proceeds a little worm, which is 
ſhrivelled up, and paſſes into a kind of aurelia, 
then into a winged fly laying eggs; whereas o- 


ther flies lay no eggs, but produce living mag- 


gots. Sometimes the worm, when hatched from 
the eggs, ſlips it's ſkin, and is changed into ano- 
ther worm, and this twice, thrice, or four times, 
beſore it is transformed into an aurelia, and then 
this into a butter-fly; as the ſilk-worm. All 
kinds of plants are not produced alike, but many 
different laws obtain in the vegetable kingdom. 


For there are plants, the flowers of which have 


male and female organs. There are ſome whoſe 
flowers are feminine in one branch, and maſcu- 
line in another; as the hazle. Others have all 
feminine flowers, others only malculine ; as the 
palm-tree. Others have no flowers without. And 
who can aſſign all the laws that obtain among 
foſſils? For ſtones grow after one manner, and 
metals after another. Wherefore all the improve- 
ment, that can be expected in Phyſicks, mult be 
derived from diligent obſervation, and from ac- 
curate experiments made upon the ſeveral kinds 
and ſpecies of natural bodies. ; 

§. 10. Now in all our attempts to account for 


the phænomena of nature, we mult carefully attend 


to the following rules of philoſophiſing, which 
are given us by Newton. | 
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No more cauſes of natural things are to be received, 
than ce hat are true, and are ſufficient to explain their 
Phenomena. 

The cauſes are to be derived from the phæno- 
mena, and will then be true, firſt, if it appears 
that they really obtain. Secondly, if the phæno- 
mena are manifeſtly proved to flow from them. 
And thirdly, if the bodies under examination be- 
ing tried various ways, always exhibit the ſame 
cauſes of the ſame phænomena. But if the cauſes 
cannot be aſſigned, nor certainly proved to ex- 
iſt, it will be better ingenuouſly to eee it, 
than to invent imaginary cauſes, from whence we 
may endeavour to explain the phænomena. There- 
fore hypotheſes are to be entirely baniſhed from 
Phyſicks; for whatever is deduced from them 
muſt be uncertain, nor can be eſteemed as demon- 
ſtrated. And beſides ſcience will rather be op- 
prone than advanced by feigning hypotheſes. 

ſeleſs controverſies will be raiſed, and the phæ- 
nomena will be diſtorted, nay perhaps feigned, 
that the hypotheſes may be defended and con- 
firmed. 

In the inveſtigation of corporeal cauſes we meet 
with inſuperable difficulties, becauſe when we ar- 
rive at the ultimate cauſe, which depends only 
on the will and power of God, we ſhall not per- 
ceive any clear connexion between the cauſe and 
the effect. For it will never be conceived by us, 
how God, as a ſpirit, operates upon matter. A- 
gain, we have no rule or criterion certainly to 
know, when we have arrived at the ultimate cor- 
poreal or natural cauſe of things. 

FS. 11. Natural effects of the ſame kind have the 


ame cauſes. Thus if earthly bodies are impel- 


led by their gravity towards the center of our 
earth, which is their center of gravity; ſo in like 


Man- 
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manner the planets, which in the heavens are car- [i 

ried about the ſun by a like gravity, will be im- 
lled towards their center of gravity. 
$. 12. Such qualities of bodies as can neither be | = 

intended or remitted, and which belong to all bodies 

as far as our experiments will reach, ought to be e- | 

ſteemed the qualities of all bodies whatever. | 
Such qualities as we find to be in common to all 4 

earthly bodies, why may we not conclude, that 

the celeſtial bodies are likewiſe endued with the 

ſame? And may we not ſuppoſe, that ſuch bo- 

dies, as ſtill remain concealed in the bowels of the 

earth, have the ſame properties with thoſe which ; 

we find upon the ſurface of the earth, and whoſe t 

natures have been examined by us ? ' 
$. 13. The uſefulneſs of Phyſicks is vaſtly great, . 

as it diſcovers and improves the conveniences of 

human life. As firſt for the underſtanding, ex- 

plaining, and promoting all human arts and ſci- 

ences, and chiefly the art of medicine. Second- | Ti 

ly, it purges our minds from a vain and uſeleſs | | 

admiration of appearances, it removes the ter- | 

ror of death, we ſhall not be diſturbed with thoſe | 

dreadful fears which commonly attend the igno- | 

rance of the nature of things, and we ſhall be | 

relieved from ſuperſtition. Alſo this ſcience pla- 

ces the divine wonders in the cleareſt light. 

And thirdly it leads us directly to know and prove 

the exiſtence of God and his providence, and to 

a right underſtanding of many of his attributes, 

as his power, wiſdom, goodneſs, &c. 


CHAP, 
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HA. II. 
Of body in general and it's attributes. 


HAT there are bodies we know by 

the evidence of our ſenſes. When 
bodies affect the ſenſoria, our minds acquire va- 
rious ideas, expreſſing or repreſenting what we 
find in thoſe bodies. By comparing all thoſe 
things, which we thus obſerve to be in bodies, we 
find there are ſome which are common to all, o- 
thers which are only in particular bodies. Thoſe 
things which we find to be in all bodies, we call 
their attributes, But what are ſometimes only, 
or in particular bodies, we call their properties, 
or qualities. And all theſe are inherent in a cer- 
tain ſulſtance, of which no man living has yet ac- 
quired a clear and perfect knowledge. 

$. 15. Among theſe attributes there are ſome, 
which can never be intended or remitted, and o- 
thers, which are capable of intenſion and remiſ- 
ſion. The former are extenſion, ſolidity, inacti- 
vity, mobility, a capacity of being at ret or 
having a figure. The latter are gravity and the 
power of attraction. . 

Theſe eight attributes are ſuch, that no body 
has been yet found, whether great or little, hard 
or fluid, but what has been endued with them all, 
nor by any art has it been poſſible to remove 
them. 

§. 16. Among the properties of bodies arc 


§. 14. 


theſe, opacity, tranſparenqy, fluidity, coberence, co- 


lour, heat, cold, tate, inſipidneſe, odorous, inodorous, 
ſonorous, inſonorous, hard, elaftick, ſoft, rough, 
ſmooth, &c. For theſe properties are of ſuch a 
nature, that ſometimes they are found in bodies, 
and ſometimes not. 


§. 17. 
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§. 17. Among theſe properties ſome are uni- 
verſal in a certain reſpect, becauſe they are al- 
ways preſent as often as the bodies are put in a 
proper condition. Thus it is with the Porver of 
moving, which belongs to all bodies in motion. 


As alſo divi/ibility, which is relatively in all larg- 


er bodies, compounded of ſmall elements. M. de 
Maupertuis, a gentleman of good {kill, has juſtly 
diſtinguiſhed theſe from the "other properties of 
bodies. 


F. 18. It has been eagerly diſputed among Phi- 


loſophers, what it is that conſtitutes the nature of 


bodies? Their nature is that, according to them, 
 zvhich being ſuppoſed, the body is neceſſarily ſuppos d 
alſo, and being removed, the body is no more. Hav- 
ing firſt laid down theſe abſtract notions, they in- 
quire what attributes may be conceived to be ſe- 
parated from the body, and yet the idea of body 
ſhall ſtill remain in the mind. Then by running 
over all the attributes, they come to this conclu- 
ſion, that, extenſion alone being excepted, all the 
reſt may be excluded, and therefore the nalure of 
body conſiſts of extenſion only, which being admit- 
ted the body will exiſt, and which being deſtroycd 
the body is deſtroyed alſo. 

But we cannot agree with them in this for ſcve- 
ral reaſons. Firſt, though by mental abſtraction, 
we may attend only to one attribute, yet it does 
not therefore follow, that that exiſts alone as the 
thing, or that it can exiſt without the thing or 
it's other attributes. For in a like manner, and in 
another order of thinking, I may arrive at ano- 
ther attribute which ſhall finiſh my progreſs, and 
might conclude with equal reaſon, that this 
conſtitutes the nature of body. Thus, having 
my eyes ſhut, if a heavy corporeal globe be put 
into my hand, I may conceive by abſtraction, 
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as 1s uſual in mechanicks, that all it's gravity is 
collected into the center, and may imagine the 
whole to be annihilated, except this center, Yet 
Nill I ſhall retain the ſame idea of the body, be- 
cauſe the gravity remains, and preſſes my hand 
as before. May we from hence conclude, that 
the nature of body is conſtituted by it's gravity ? 
We might do it with as good reaſon as he that 
places it in extenſion, and reaſons juſt in the ſame 
manner by mental abſtraction. 

But ſecondly, we cannot yet demonſtrate, that 
we know all things that are in body; we know 
not what things being ſuppoſed, the body is ne- 
ceſſarily ſuppoſed alſo. For though by F. 15. we 
know that bodies have thoſe eight attributes, yet 
we cannot affirm, that theſe being ſuppoſed the 
body 1s ſuppoſed alſo. For let us conceive a thing 
to have an hundred inſeparable attributes, and 
let us take ten of theſe. Theſe ten being ſuppoſed, 
will the thing itſelf be ſuppoſed? By no means. 
For if you conceive that theſe ten may ſubſiſt to- 
gether in a certain thing ; what will then follow ? 
Not that thing before ſuppoſed, but another ve- 
ry different from it, having only ten attributes. 
Therefore let there be a thing which is in poſ- 
ſeſſion of an hundred attributes, of which you 
know ten only. By the knowledge of theſe you 
will not know the thing, nor be acquainted with 
it's nature. Juſt ſo it is with body. It is con- 
ſtituted by all it's attributes together, inhering in 
it's ſubſtance. All of them being ſuppoſed, the 
body 1s certainly ſuppoſed ; but any of them be- 
ing wanting, the body will not be ſuppoſed. 

Now that many of the attributes of body may 
be ſtill unknown, 1s evident from hence, becauſe 
we can obſerve only by the help of our ſenſes, 
how it is with the ſuperficies of bodies. We on- 
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ly ſee the ſurface with our eyes, touch it with 
our hands, taſte nothing but this with our tongue, 
nor ſmell any thing elſe with our noſtrils. Bur 
what 1s that which 1s included within the ſuper- 
ficies of body? Is not this the thing that proper- 
ly makes the body, and is it's ſubſtance? But 
this we know nothing of. So that we know no- 
thing but the ſhell of body, and a few things 
that we collect beſides from the phznomena, but 
not that which conſtitutes the intimate nature of 
the body. Beſides, though in theſe latter ages we 
have diſcovered eight attributes, I would aſk, 
whether all theſe attributes are ſo manifeſt, that 
none of them eſcaped our firſt inquiries ? If ſo, why 
did not the ancient philoſophers perceive them, 
as well as thoſe of later times? How ſhall we de- 
monſtrate, that they are now all known? By 
what means may we be convinced, that we are en- 
dued with ſenſes fufficiently acute, to obſerve and 
diſtinguiſh all the attributes of body in genera]? 

But thirdly, if extenſion be the nature of bo- 
dy, it is neceſſary that from hence all the attri- 
butes and properties of body may be derived ; as 
from the nature of a triangle and a circle, all the 
properties of theſe figures will low. But from 
extenſional one, how ſhall we derive ſolidity, inac- 
_ tivity, mobility, gravity, attraction? Theſe have 
nothing in common with extenſion, and though 
we ſhould meditate upon them to eternity, yet we 
ſhould be able to find no connexion between ex- 
tenſion and inactivity, for inſtance, or any other 
of the afore-mentioned attributes. 

Fourthly and laſtly, I ſhall prove in what fol- 
lows, that there is actually an extended ſpace, 
which is not corporeal, but utterly diſtinct from 
body. Two things ſo intirely different cannot 
have the ſame nature. 


9. 19. 
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$. 19. The ſame difficulties lye againſt the o- 
pinion of thoſe, who think the nature of body to 
be completed by ſuppoſing it to conſiſt of /olid 
Extenſion. For this will belong to a ſubſtance 
which is unknown. Beſides from the ſuppoſition 
of this, the other attributes of body cannot ne- 
ceſſarily be derived, ſince they will have nothing 


in common with it. That it's nature is really 


unknown, may be eaſily inferred from experience: 
For if it were once known, we might then deter- 
mine & priori all the effects, or moſt at leaſt, of 
bodies acting upon one another. As from the 
nature of the triangle being known, Mathema- 
maticians eaſily deduce all it's properties, But 
we know nothing of bodies à priori, and thoſe who 
have thought they underſtood their nature, or have 
ſuppoſed it to conſiſt of one, or two, or more at- 
tributes, by attending to this alone and carefully 
examining it, have not been able to diſcover any 
thing concerning bodies 2 priori, or could declare 
any of their effects, which had not been found 
out by experiment and obſervation. 

We do not intend, by what has been ſaid, to 
oppoſe thoſe Philoſophers, who have given ano- 
ther definition of the word Nature, meaning by 
it an internal principle of the actions and paſſions of 
bodies, for then their nature would be truly 
known, becauſe we know there is ſuch an inter- 
nal principle of acting, in the motion of bodies, 
in their gravity, in their mutual attraction ; as 
allo a principle of paſſion, which is their inacti- 
vity. But His 1s nothing elſe but an abuſe of 
words. For this principle 1s only an attribute, 
and therefore why ſhould we diſtinguiſh it from 
the other attributes, by giving it another name? 

But if all the internal principles of actions and 
paſſions conſtitute together the nature of body, 
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dare not affirm, that all thoſe principles are al- 
ready diſcovered. 

$ 20. We muſt now diſtinctly conſider theſe 
eight attributes of body; and firſt of Extenſion, 
which is of three kinds. The firſt is only long, 
as the line AB. The ſecond is both long and Tab. 1. 
broad, as the ſuperficies CDEF. The third is Fig. 1. 
long, broad, and thick, as the fold GHIK LM, Lab. 1. 
This three-fold extenſion is of a different nature, TS, þ 
ſo as that the one can never pals into the other, Pig. 3. 
For lines laid upon one another, or beſides one 
another, can never compoſe a ſuperficies; and 
ſuperfices, though never ſo many, can never 
make a ſolid extenſion of three dimenſions. 


$ 21. If two points A, B, are propoſed, Tab. 1. 


which are different from each other, by attending Fig. 1. 
to their diſtance we form an idea of long ex- 
tenſion, or of a line. Or when we conceive two 
lines CD, E F, remote from each other, by at- Tab. 1. 
tending to what is between, we acquire an idea Fig. 2. 
of another ſort of extenſion, which is both long 
and broad, as when we fee the ſuperficies of a 
body. Or conceiving two ſuperficies IGH, KLM, Tab. 1. 
remote from each other, and attending to what F'S: 3. 
is between them, we form an idea of a third ex- 
tenſion, which Mathematicians call a folid. So 
that to comprehend theſe three ſpecies of exten- 
ſion in our minds, a conception is required, 
not of the ſame ſpecies of extenſion, but of a 
different. For to conceive the extenſion GHM KLM, 
is required a conception of the extenſion IGH, 
KLM. So to conceive the extenſion CDE F 
in our mind, there is required a notion of the 
extenſion C D, EF. But to conceive the exten- 
ſion AB only points are required. 

§. 22, Now whatever yet. has been conceived 
as extended, has magnitude, or may be con- 

ceived 
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ceived as greater or leſs; and therefore quantity 
belongs to every kind of extenſion. 

$. 23. Whatever the kind of extenſion is, it 
may be conceived as compoſed of an infinite 
number of leſſer extenſions, and is therefore 
diviſible in infinitum. 

For between the extreme points A, B, of the 
line, a mathematical point, as O, may be con- 
ceived to be interpoſed, and again between A and 
O another point, and ſo on infinitely. For the 
intermediate point can never touch either of the 
extremes, becauſe a point has no length. There- 
fore the line will be diviſible in infinitum. Hence 
every finite line will conſiſt of innumerable little 
lines, contiguous to one another. And whether 
it be great, or infinitely little, it will not be a 
ſimple thing, but ſome compound of lines like 
to each other. And therefore an infinitely ſmall 
thing will be diviſible into other leſs and infi- 
nitely ſmall things, and that without end. 

If we conſider ſuch a line as one, it's extenſi- 
on will be continuous; but if we conſider it as 
conſiſting of lines infinitely ſmall, they will all 
be contiguous to one another. 

In like manner the ſuperficies CDEF ir diviſi- 
ble in infinitum, by conceiving the line PQ be- 
tween CE. and DF, and then another between 
PQ and DF, and ſo on infinitely. 

Alſo between the ſuperficies IH, K M, an 
intermediate ſuperficies RS may be conceived, 
and again another between this RS and K M, 
and ſo on for ever. 

Wherefore they ſeem to be miſtaken, who 
pretend, that all extenſion is ſimple, in all things 
ſimilar, and not to be compounded of parts 
becauſe mere extenſion cannot differ from exten- 
ſion. 

But 
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But although the extenſion AB is ſimilar to Tab. 1. 
itſelf in all things, yet it really conſiſts of the Fig. 1. 


parts AC, CO, OB. And although the extended 
thing AC does not differ in length from the ex- 
tended thing CO, that is, does not differ 1n exten- 
ſion, yet it differs in ſituation, and on that account 
every part of it will differ from every other part. 
$. 24. Therefore though every extended thing 
may be conceived as compounded of extenſions, 
yet it does not ſeem to be well defined, by ſaying 
it has parts without parts. For ſince every part 
is extended, it is only faid, that an extended 
thing is an extenſion without an extenſion. Or 
will it be better defined by ſaying with others, 


that it is a ca-exiftence in one of many exiſtences out 


of each other ? Or may we not rather ſay, that it 
cannot be defined, becauſe the 1dea of extenſion 
1s the moſt ſimple poſſible ? 

$. 23. Many Philoſophers have rejected a 
diviſibility in infinitum, imagining, firſt, that 
infinite cannot be contained in what is finite; 
ſecondly, that then the leaſt magnitude would be 
equal to the greateſt, ſince each of them would 
contain infinite; thirdly, that no infinite can be 


either greater or leſs than another infinite. 


To the firſt objection we may anſwer, that an 
infinite magnitude cannot be contained in a finite, 


but that parts in number infinite may be con- 


tained in a finite magnitude. For let there be a 


circle, which will be a finite magnitude, and in 


which may be aſſumed mathematical points in 


number infinite. From every point to every 


point a line may be drawn, and therefore there 


will be infinite lines in the circle. And between 


the lines an infinite number of ſuperficies will 
be intercepted, and therefore infinite may be con- 
tained in finite. 
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The ſecond objection is founded upon an er- 
roneous hypotheſis, that all infinites are equal to 
one another, ſince there are many infinites that 


exceed others. Let there be two circles, one of 


which has it's diameter as big again as the other. 
In each of the circles may be taken an infinite 
number of points, and of lines likewiſe. But 
in the greater may be taken four times as many 
points and lines as in other, ſuppoſing them 
all of the ſame bigneſs. And if as many lines 
be deſcribed in one as in the other, thoſe in the 
greater circle will be longer than thoſe in the 
leſſer. | 

Alſo the third objection fails, ſince Mathema- 
ticians demonſtrate, that there are many infinites 
exceeding one another. For all the numbers 
from unity to infinite are infinite in multitude, 
and ſince every one may be multiplied into itſelf, 
they are all roots of ſquares, ſo that there muſt 
be ſo many ſquares as there are numbers. But 
all numbers from unity to infinite expreſs alſo 
ſquares; and many numbers, as 3, 5, 6, 7, 8, 
Sc. conſidered as ſquares, have no roots. There- 
fore beſides the infinite multitude of ſquares, 
ariſing from roots drawn into themſelves, there 
is another infinite multitude of ſquares, whoſe 
roots cannot be exhibited in numbers. Whence 
there 1s a greater multitude of ſquares than of 
roots; and fince both are infinite in multitude, 
the ratios of majority and minority muſt obtain 
in infinites. 8 

The ſame thing might be proved from many 
ſeries, that proceed ad infinitum, and exceed one 
another. 

$. 26. Hitherto we have ſeen, that the three 
kinds of extenſion may be conceived to be infinite- 
iy divided. Now another queſtion ariſes, which 
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is phyſical, and not mathematical : whether bo- 
dies which are extended in length, breadth, and 
thickneſs, may actually be divided in infinitum, 
by any power of nature, or whether they can 
only be divided to a certain degree of ſmallneſs, 
beyond which they cannot be farther divided, 
becauſe they do not conſiſt of parts any farther, 
but are ſolid units, ſo created of God? Now in 
this queſtion we muſt have recourſe to experience, 
and not to imagination, or to mathematical con- 
ceptions. But experiment cannot give us a ſa- 
tisfactory ſolution, but leaves us ſome ſcruples; 
though it ſeems in ſome meaſure to prove, that 
bodies cannot be divided in infinitum, but only 
within certain limits. For firſt, the conſtant 
order of the univerſe ſeems to require, that the 
ſame bodies ſhould be regenerated from thoſe 
that are diſſolved, with the ſame properties, in 
a like manner and time, and in the fame place. 
Plants grow from ſeeds committed to the earth, 
which has the conſtant form of mold or dung 
compoſed of other diſſolved plants, and that at 
the ſame intervals of time, of the ſame magni- 
tude and ſolidity as before. Now if the nouriſh- 
ing parts were ten times more minute and ſubtile 
than before, more time would be required for 
the growth, and the plants would have another 
form, firmneſs, and virtue. For take marble, 
and let it be lightly reduced to powder, and other 
marble more finely powdered, and again other 
very fine and ſubtile powder. Let equal quan- 
tities of theſe maſſes be mixed ſeverally with 
melted wax. Theſe three maſſes when cold will 
have a different degree of firmneſs. Would 
not there be the ſame difference in the regene- 
ration of plants, or a much greater, which we do 
not find to be the caſe? The ſame would obtain 
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in animals and foſſils; but ſuch a difference is 
contrary to experience. If ſalt be diſſolved in 
a menſtruum, the ſame ſalt will return, if the 
menſtruum be dried up by degrees. If by the 
art of chemiſtry falt is converted into an acid 
ſpirit, or into an alcali, by regeneration it is 


converted into the ſame ſalt; ſo that we may 


conclude, that the ſalt was only divided into a 
determinate degree of ſubtilty, and not infinitely 
ſubtilized. 

Secondly, no new productions are obſerved, but 
ſtill the ſame kinds of animals, plants, foſſils, are 
generated, with all their properties and characters, 


as were produced an hundred years ago. So that 


the bodies that are diſſolved, and become the nu- 
triment of others, are not reſolved into parts 
infinitely ſmall. For from ſuch parts variouſly 
put together, infinitely different orders of particles 


would ariſe, and from theſe would proceed very 


different combinations of greater parts, which 
growing up into greater bulks could not but pro- 
duce new bodies, and ſuch as are endued with 
very different properties. 

Thirdly, the elements of fire, which are the 
leaſt corpuſcles hitherto known, can indeed diſ- 
ſolve all great bodies, yet they themſelves have 
never yet been found to undergo any change. 
Nor by any artifice has it been found practicable 
to attenuate the particles of pure water. 


Fourthly, the moſt vehement fire, as well ar- 


tificial and earthly as that of the ſun, being col- 


lected into the focus of a burning-glaſs, though it | 
is the great diſſolver and conſumer of all things, | 
and though it deſtroys and diſſipates whatever it | 
meets; 1t can only reduce bodies to a certain de- 
gree of minuteneſs, and no farther, For it can 
change gold only into a thick ſmoke, and into a 


fixed 


1% 
3 
A 
I 

4 
* 
: 


APC SM9 & pw a. 6% we. ©: J F . — ( ˙̃ʃ7ĩ0A . mm oa ie 


Lung — . we r > — 


= " 
1 as tat 8 SE ES 
4.2 A 


- a> = an. © te © oo Eo. & IE. ie 


NATURAL PHILOSOPHY. 


fixed ruddy glaſs ; and exerts the like determinate 
effects of attenuation upon other bodies. 

Fifthly and Jaſtly, by the friction of bodies 
upon one another, large and viſible particles are 
rubbed off; nor are they reduced to an inſenſible 
ſmallneſs, as may appear from painters colours, 
after long grinding upon a porphyry ſtone, and 
other like bodies. 

Therefore all the diviſion to which larger bodies 
are liable, can only ſeparate their parts from one 
another, which parts are their units, atoms, ele- 
ments, individuals, materia prima, or ultimate ſolids ; 
and that by overcoming their force of coherence : 
but 1t does not break one unit or individual. If 
this could but be made appear by one experi- 
ment, that it was actually done or poſſible to be 
done, we might then conclude, that bodies are 
diviſible in infinitum. 

$. 27. Therefore in the genuine Phyſicks, 
built upon experiment, diviſibility is not yet re- 
ceived as an attribute of body, ſince it cannot be 
demonſtrated, that the ſmalleſt ſenſible particles 
can be farther divided by any natural force; but 
rather the contrary, as appears from the obſer- 
vations mentioned in $. 26, But the greater 
bodies indeed are often actually divided, by the 
application of external force. This doctrine of 
atoms is very ancient, and has been cultivated by 


Moſchus, Leucippus, Democritus, Epicurus, Lucre- 


tius, Gaſſendus, Newton, Boerbaave, Deſaguliers, 
and others; who ſuppoſe atoms to be very 


ſmall corpuſcles, of which all the greater 


bodies are compoſed. So that they are as it 
were the original particles, which God created 
at the beginning, and from whence all other 
bodies are derived. Alſo Philoſophers have 


determined, that atoms are without pores, per- 
C 3 tectly 
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fectly ſolid, hard, firm, impenetrable, paſſive, 
moveable. | 
$. 28. Now it may appear from theſe examples 

following, that many bodies may be divided into 
particles of ſuch ſurpriſing ſubtilty, as even to 
exceed human comprehenſion. As firſt, a thread 
of ſilk of 360 feet long may weigh but one grain. 
But an inch. may. be divided into 600 viſible parts, 
each of which will be as long as the breadth of a 
fine human hair. So that the thread now men- 
tioned may be actually divided into 259200 parts 
viſible to the eye. 

| Secondly, gold is a very ductile metal, and 
there was at Auſburg an artift, who of one grain of 
gold drew out a thread 500 feet long, and there- 
fore it might have been actually divided into 
3600000 viſible parts. 


Thirdly, Mr. Boyle diſſolved one grain of cop- 


er in ſpirit of ſal ammoniac, which ſolution be- 


ing infuſed into 28534 grains of water, made it 


throughout of a blue colour. Now water of the 
weight of a grain is the +; part of a cubic inch, 
and therefore the tinged water was 105,57 cubic 
inches. But in every viſible part of the water there 
was ſome part of the ſolution of copper; and ſince in 
a cubic inch there are 216000000 parts viſible to 
the eye, one grain of copper will be divided at 
leaſt into 22788000000 viſible parts. 
Fourthly, in water wherein pepper has been 
ſteeped, Mr. Leeuwenboeck has obſerved animal- 
cula of three kinds ; if the diameter of the ſmalleſt 
kind is made unity, the diameter of the ſecond 
kind would be 10, and the diameter of the big- 
geſt kind 50. But the diameter of a grain of 
groſs ſand was 1000, ſo that the magnitude of 


the ſmaller animalcule to that of ſand was as 1 to 
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But theſe animalcula are all organized bodies, 
have muſcles, arteries, veins, and other veſſels, 
through which humours flow ; therefore the parts 
of theſe muſt be much more ſubtil than their 
whole organized body. 

Many other entertaining arguments, by which 
the immenſe ſubtilty of ſome bodies may be 

roved, are derived from, vapours of water ex- 
pelled out of the æolipila by the force of fire. As 
alſo from the ſmoke of burning bodies ; from the 
ſcents of ſtrong- ſmelling bodies, that hardly loſe 
any thing of their weight; from the burning of 
oil or tallow, 

$. 29. All bodies whatever are of a finite and 
determinate magnitude; their terms or limits are 
ſuperficies, which ſurround the bodies in a various 
order, number, and magnitude, and therefore 
cauſe body to be a thing endued with figure. 
Hence moſt bodies are figured after manners, that 
are infinitely diverſified, and the variety of dit- 


ferent figures is innumerable. The leaſt bodies 
are figured as well as the greateſt. And ſince the 


leaſt bodies ſeem not to be diviſible, they will for 
ever retain the figure they have once acquired. 
But every larger body by diviſion, and every 
ſmaller body by accretion of new parts, may ac- 
quire new and different figures in infinitum. This 
is uſed to be called Figurability. 

$. 30. Solidity or Impenetrability is that attri- 
bute, by which one body reſiſts another, ſo as 
both may not poſſeſs the ſame place. We acquire 
an idea of this attribute, by preſſing another body 
with our own, or by obſerving the reſiſtance of 
our own againſt any external preſſure, For if we 


had never preſſed body, though we might have 


ſeen it extended, yet we ſhould never have formed 
an idea of ſolidity. This appears from thoſe 
C4 images 
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images of bodies, that are reflected by a concave 
ſpherical ſpeculum, and are pendulous in the air, 
which repreſent the form or external extenſion of 
thoſe bodies in a very lively manner, yet are with- 
out ſolidity. If a man had never ſeen any thing 
but ſuch images, nor had touched any thing elſe, 
he would perhaps have formed a notion of ex- 
tenſion, but not of ſolidity. 
§. 31. Solidity does not neceſſarily reſult from 
extenſion, though ſome have endeavoured to de- 
monſtrate it, pretending it cannot be, that where 
there is an extenſion of a cubic foot, another exten- 
ſion of a cubic foot cannot occupy the ſame place, 
without the former extenſion is deſtroyed ; ſo that 
one extenſion would reſiſt another with an infinite 
force, that is, would be abſolutely ſolid. But 
Philoſophers that reaſon atter this manner, muſt 
do it either from the idea they have formed of 
extenſion, or from experience. If from the idea, 
then we may object, that Mathematicians always 
conceive one extenſion as penetrable by another, 
as when they conceive a ſphere to be inſcribed in 
a cube; a cone, a cube or any other ſolid to be in- 
ſcribed in a ſphere; nor is there any thing in the 
notion of extenſion, which will not admit it's being 
penetrated by another extenſion, without the de- 
ſtruction of the former. Neither can experience 
be appealed to in this caſe; for thoſe extended 
images of bodies, reflected by a concave ſpeculum, 
as mentioned before, are penetrable by body with- 
out any reſiſtance. And can there be any thing 
in a hollow extended ſheath, to hinder a body ot 
equal dimenſions from being admitted into it? 
32. All bodies whatever are endued with 
ſolidity. About firm bodies there can be no doubt. 
As to fluids, when included and ſqueezed into 
veſſels, they make the fame reſiſtance; even the 
2 alr 
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air not excepted, which is the ſofteſt of all fluids. 
Many of them indeed will yield a little, and give 
way to a violent preſſure, becauſe of their pores 
parts will enter ; but when 
theſe are any how filled, they finally reſiſt the 
greateſt preſſure. 

If bodies were not endued with impenetrability, 
they might be annihilated by the ſmalleſt preſ- 
ſure. For if I ſhould preſs a cube downwards, 
*till the ſuperior ſuperficies ſhould touch the infe- 
rior, whatever 1s intermediate would be deſtroyed. 
Now bodies reſiſt by their ſolidity; and becauſe all 
terreſtrial bodies are heavy, and mutually preſs and 
reſiſt one another, all will be ſolid. And the ſame 
muſt obtain in celeſtial bodies. 


$ 33. But does this ſolidity depend on the na- 


ture of corporeal ſubſtance? Or from ſome internal 
torce perpetually acting outward, and thence cauſ- 
ing, that bodies are in continual action? The firſt 
cannot be affirmed, becauſe we know not what 
ſubſtance or matter is. The other is a mere hy- 
potheſis, and therefore here we muſt place the 
boundaries of human underſtanding. 

§. 34. Therefore the leaſt corpuſcle muſt be 


extended, ſolid, continuous or united, and of the 


{ame ſolidity in every aſſignable point. For what- 
ever 1s ſolid in body, has an infinite power of re- 
liſtance. | 

§. 35. All the leaſt ſolids have every one of the 
eight attributes, mentioned $. 15. Yet we are ig- 
norant whether theſe leaſt ſolids are of the ſame or 


a different magnitude. Whether all have the ſame 


figure, or whether they differ in this reſpect? Whe- 
ther they are like or unlike to one another? What 


is their real magnitude? For by the help of all 


the microſcopes that have hitherto been known, 
we cannot yet perceive the leaſt. And it is utter- 


ly 
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ly impoſThle that we ſhould ever determine the 


figure of the particles of light. And from reaſon | 
nothing can be abſolutely concluded about all theſe, | _ 


1 3 4 ö 
e 


whatever the Metaphyſicians may pretend in this 


Matter. 

$. 36. For the magnitude and figure of the laſt 
and leaſt ſolids depends only on the will of God, 
who has thought fit to create them thus and not 
otherwiſe. Therefore no farther reaſon is to be in- 
quired after, why theſe things are ſo. The laſt 


gave them ſuch as ſeemed beſt to his wiſdom. 

$. 37. Though perhaps all the ultimate ſolids 
are not ſimilar to one another, yet there ſeem to 
be ſome which are very like, ſuch as the particles 
of light. For when we have ſeparated, by the help 
of a priſm, a beam of the ſun into it's ſmaller co- 
loured rays, and we have attentively conſidered 


the pure colour of one little ray, we ſhall obſerve 
no diverſity of colour. Wherefore all the corpuſ- 


cles of light, that conſtitute a ray of any colour, 


ſeem to be perfectly like one another. For if they | 
were unlike, they would always affect the ſight in dif- 
ferent manners, and in every little ray there would 
be a variety of colours of all kinds, and a different 
beauty and brightneſs of the ſame colour, which 
is contrary to experience. Nor is it neceſſary that 


the laſt ſolids ſnould be of different figures, ſince an 


infinite variety of greater bodies may as well be | 


compoſed of like, as of unlike figures. 


§. 38. All greater bodies are compoſed of | 
theſe corpuſcles, by a kind of aggregation. It | 


may be poſſible that the ſolid corpuſcles may be 
contiguous to one another, without any vacancies 


between, and ſo compoſe one ſolid maſs by it's 


whole contexture; as is repreſented at A. 
$. 39. 


particles muſt have ſome magnitude and figure, 
becaufe they are finite extended things, and God 
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' $. 39. But if the leaſt corpuſcles are of ſuch a | 
figure, or heaped upon one another in ſuch a man- 

» | ner, that they do not quite touch one another 1 
> © with their ſurfaces, but are ſomething diſtant, and i" 
y leave ſome empty ſpaces between the ſolids, which f 
are called their fecret foramina or pores ; then a 1 
2 maſs compoſed of ſuch corpuſcles will conſtitute ö 
1 a porous body, ſuch as is repreſented at B. Tab. 1. g 


$. 40. When many corpuſcles are contained in Fig. 5. 

a a ſmall volume or ſpace, the maſs is then denſe. 

3 1 When but few e occupy a large ſpace, the 
mas is then rare. The more the corpuſcles are, 

or the ſmaller the ſpace that they are compreſſed 


is into, or the leſs of porous extenſion is contained a 

4 in the maſs, ſo much the denſer the body will f 
- be. But the more of porous extenſion there is in 14 
P a maſs of the ſame magnitude, or the leſs the 

1 conſtipation, ſo much the rarer the body will be. e 0 


$. 41. All bodies whatever, which are ſo large _ 
{ as to be handled by us, are found to be very po- 0 
g rous, whether they belong to the foſſile, animal, or 1 


hs vegetable kingdom. 4 
T4 For firſt, all obſervations made by the aſſiſt- | 
it.] ance of microſcopes manifeſtly prove this. Take 
Id leaf-gold, ſuch as is uſed for gilding of bodies, 
nt} and lay it upon a piece of glaſs. This being ſer 
ch] before a microſcope will ſhew many vifible pores. 
” And in like manner all other metals may be ob- 


| ſerved to abound with pores. All kinds of vege- 
be | tables will afford us very pleaſing ſpectacles, whe- 


ther they are hard woods or tender plants. For 
ot | if we cut them into very thin ſlices with a ſharp 
It razor they will ſhew great plenty of pores in any 
be poſition. But the parts of animal bodies will 
= not be found ſo porous. 


Secondly, ſince whatever is ſolid in bodies can- 
not be penetrated by body, every maſs into which 


ang- 
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another enters, and through which it paſſes, will 
neceſſarily be porous. Light paſſes through all 
thin bodies; for thin ſhavings cut from all bodies 
whatever are tranſparent, when viewed with a 
microſcope. Let a man's finger be held at the 
hole of a window in a dark room, and if the 


ſun ſhines upon it, it will appear tranſparent as 


a piece of horn, becauſe the light paſſes through 
it's pores. Therefore all things are porous, 
And what body 1s there, whether fixed or fluid, 


which does not grow hot by applying fire to it, 


and through which fire does not paſs ? Therefore 


bodily fire enters into all bodies, whether firm 


or fluid ; not indeed into their ſolid ſubſtance, be- 
cauſe that is impenetrable, but into their pores, 
and through them flies away again. 

Thirdly ; but there are other more denſe fluids, 
which penetrate bodies, and ſhow them to be po- 


rous. Quick: ſilver penetrates into gold, ſilver, 


copper, braſs, pewter, lead, juſt like water in- 
to a ſponge. It paſſes through the ſkin of a man, 
or any kind of leather. Water penetrates through 
all the membranes of animals, paſſes through all 
arts of earthly vegetables, whoſe nouriſhment 
it is, or at leaſt carries it along with it. So it en- 
ters into ſugar and ſalts, ſands, earths, and moſt 
powders: And water may be ſqueezed through 
ſilver, pewter, lead. It enters ſome ſtones, and 
along with ruſt, droſs, and oak- acid it ſinks in- 
to the pores of marble. And hence marble may 
be tinged with ſpots of various colours, by the 
help of ſpirits in which roſin has been diſſolved. 
Aqua- fortis can obliterate ſtrokes which ſeem to 
imitate ſhrubs, in the midſt of an oak. Oils in- 
ſinuate themſelves into ſulphurs, and into ſome 
ſtones. Likewiſe fluids are porous, ſo as to imbibe 
each other. For if you pour a certain quantity of 
| water 
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water into a tube that contains oil of vitriol, and 
if you obſerve the true height to which the mixture 
ought to ariſe, by making ſeparate infuſions before- 
hand ; afrer the mixture is made, and the effer- 
veſcence is over, the whole maſs will take up leſs 
room, by reaſon of the water being abſorbed in- 
to the pores of the oil of vitriol. Something like 
this obtains in water poured into ſpirit of wine, or 
ſpirit of nitre, ſea-ſalt, lixivium of ſalt of tartar. 
Alſo in vinegar mixed with a lixivium of ſalt of 
ſoda, or of tartar z as has been obſerved by Hook, 
Haukſbee, Reaumur, 

$. 42. The magnitude, multitude, and figure 
of the pores in moſt bodies of ſeveral kinds, are 
very different from one another, nor can they be 
deſcribed, as we are informed by microſcopical 
obſervations. In vegetables any one may eaſily 
divert himſelf with their great variety. Or elſe 
he may conſult Malpigbius and Leeuwenhoeck who 
have deſcribed the ſtructure of plants. In view- 
ing ſome bodies through a microſcope, we ſhall 
find in them ſo great a multitude and largeneſs of 
their pores, that the bodies will hardly ſeem to be 
compoſed of ſolid parts at all; ſuch as cork, a 


ſponge, and the lighter woods. It is matter of 
concern, that not ſo much as one corporeal mals 


that may be handled, and which is wholly ſolid 
and not porous, has as yet been found; for then 
we might learn, how much ſolid, and how much 
pore, was contained in the maſs or volume of all 
other bodies. For if a ſolid maſs of the bigneſs 


of one cubick inch had the weight of one pound, 


and another body juſt as big ſhould weigh half a 
ound, this body would have as much pore as ſo- 
id, Becauſe gold 1s very heavy and yet porous, 

let us ſuppoſe it to have an equal quantity of pore 

and of ſolid parts, though doubtleſs it is much 
more 
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more porous. Then becauſe water, contained 
within the ſame volume as gold, is 19% times 
lighter, the quantity of pore in water will be to the 
ſame in gold as 19% to 1. But we have ſuppoſed 
that half the extenſion of gold is pore ; wherefore 
the quantity of pore in water to that part which 
is perfectly ſolid will be as 39 to 1. Again, gold 
is 81% times heavier than cork ; hence the quan- 
rity of pore in cork, in reſpect of the ſolid parts, 

w1ll be as 163 to 1. | 
§. 43. Therefore that we may have ſome notion 
how the larger bodies are compoſed, let us con- 
ceive a number of pieces of ſilk or gauſe, of a finer 
texture, ſuch as are uſed for making of ſieves, to 
be laid upon one another: a maſs will thence be 
formed, peirced through by innumerab!e holes or 
pores. And thus it is with larger bodies, the pe- 
netrability of which by other bodies may now be 
underſtood. For as powders which are finer than 
the holes of a ſieve may eaſily be tranſmitted 
through it, ſo particles that are more ſubtil than 
the pores may. paſs through cribriform bodies, 
Hence the volatile and fuming ſpirit of ſulphur 
tinges ſilver with a brown colour, though wrapped 
up with many papers or cloths. Geoffroy's ſpirit 
of nitre, as alſo the ſal volatile of urine, paſs 
through the pores of white glaſs and fly away. 
The ſcents of muſk, civet, and other bodies 
paſs through wooden boxes; wine and 1ts ſpirit 
through wooden veſſels. Vet ſometimes it hap- 
pens, that ſubtiler particles will not paſs through 
pores of bodies much larger than themſelves, be- 
cauſe of acertain repelling force, with which ſome 
bodies are endued. Hence water and wine does 
not eſcape through cork, water does not pals 
through a cloth of camels hair. Light will not 
paſs through very white paper, and yet it will go 
through 
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through it eaſily, if it be dipped in oil. Subtil 
electrical efluvia paſs through glaſs and ſealing- 
wax, which yet refuſe to paſs through very fine 
cloth, or paper, though holes are bored through 


F. 44. Since therefore all bodies are very po- 


rous, by knowing the content of their volume, 
we ſhall not obtain the true quantity of ſolid in 


them, but only the meaſure of their extended 


pores along with their ſolid parts. For ſince we 
cannot accurately determine the quantity of their 

pores, it is plain the true meaſure of the bodies is 
not yet attained. 


$. 45. The greater bodies ſeem to be compoſed 


ſomething after the following manner, Let three, 


four, or more of the minuteſt ſolids be conceived 


to be joined together into ſome maſs of any figure. 
This will be a maſs of the firſt order, or a leaſt par- 
ticle. Of ſome particles of this kind let ſome 


combinations again be made, into a firm and perma- 


order, or a larger particle. 


nent maſs, which will compole a maſs of the ſecond 


Let ſome of theſe 
particles be again combined, and joined together 


in a coherent maſs, which will then compoſe a 


particle of the third order. And perhaps particles 


of higher orders are to be thus compounded. Then 


from many particles of ſuch orders united toge- 
ther, at length is compoſed a large and tractable 


| body. 


That there are ſuch orders of particles, Philo- 
ſophers have concluded from various obſervations. 


| A ſteel wire, when hardned in the fire, has much 
leſs coherence than when in a ſofter ſtate, and will 


bear much leſs weight. Which is a token that 


the parts, compoſing the greater order in the hard- 
ned wire, have leſs coherence, whereas the parts 


of an inferior order cohere more ſtrongly. With- 
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out doubt the parts of water are round, about 
which if we imagine cubes to be circumſcribed, 
and that theſe are abſolutely ſolid : if the ſpheri- 
cal particles are alſo ſolid, the ſolidity of each cube 
will be to that of it's ſphere, nearly as 300 to 1373 
and therefore the whole maſs of cubes, which form 


the maſs abſolutely ſolid, would be to the maſs of 


inſcribed ſpheres, as 300 to 157, and therefore 
But the 
weight of porous gold, which would take up an 
equal ſpace with theſe cubes, in reſpect of the 
weight of water, is as 193 to 1. And therefore 
the ſpheres of water cannot be ſolid, but will be 
porous, that is, will conſiſt of leſſer particles ac- 
cumulated together, leaving ſpaces between them. 
Theſe again of leſs, as may be ſeen in the ſphere 
A, in which for example's ſake only four ſpheres 
are deſcribed, and in each of theſe four others. In 
ſome firm bodies, by microſcopes very much mag- 
nifying, the orders of the parts may be plainly 
perceived. But from animal blood the orders of 
the parts are clearly diſcovered. For by the help 
of the microſcope it has been obſerved, that arud- 
dy globe is compoſed of ſix yellowiſh ſerous globes, 
into which it reſolves of it's own accord. Again, 
every ſerous globe conſiſts of fix other lymphatick 
lobes; but how farit goes on, cannot be perceived. 
Therefore the various orders of the particles, of 
which bodies are compoſed, arc not feigned from 
theſes. 
F. 46. If the ultimate ſolids were altogether ſi- 
milar to one another, particles of the firſt order 
might be compounded of them, either like to one 


another, or ſomething different, according to the 


various concourſe and application of the ultimate 
ſolids. For the ultimate ſolids may be equal 


ſpheres, of which ſix may compoſe a particle = 
c 
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either after the manner at A, or at B, or at C, Tab. r. 


ſomething like one another, and yet ſomething 


different. From whence it appears, that ſome 


difference of figure in the greater particles is by no 


means a proof, that the ultimate ſolids have any 
difference of figure. 

But if the ultimate ſolids are unlike to one ano- 
ther, from an equal number of them meeting to- 
gether, particles of the firſt order may ariſe, that 
are very different in magnitude, figure and ſtruc- 
ture. 

$. 47. Therefore particles of the firſt order may 


be very different in bigneſs, figure, poroſity, den- 
ſity, gravity, coherence, according to the diffe- 
rent number, ſituation, figure, and magnitude of 


the leaſt ſolids that compoſe them. And by this 
means the particles of the ſecond order may be ſtill 


more different, and ſo thoſe of higher orders. So 


that an infinite variety of bodies, differing as to 


figure, magnitude, gravity, coherence, and den- 


ſity, may ariſe from ſuch orders. Wherefore if a 


: body is compoſed of parts, containing ſpace equal 


to itſelf in magnitude, and again if theſe parts 
ariſe from particles, that incloſe as much ſpace as 
ſolid, and this proceſs is ſtill continued; then ſu 
poſing three ſuch orders, there will be ſeven times 
more pores than ſolid in the maſs. And four or- 
ders being ſuppoſed, and the ultimate order being 


ſolid, there will be 15 times more vacuity than 


ſolid. And five orders being ſuppoſed, the maſs 


will contain 31 times more pores than ſolid. And 


if we ſuppoſe ſix orders, the maſs will conſiſt of 

563 times more poroſity than ſolidity. For the 

quantity of pores always increaſes as the ſum of 
this ſeries 1, 2, 4, 8, 16, 32, &c. 


Vol. I. D 8. 48. 
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& 48. Now the larger bodies, which are com- 


poſed only of particles of one order, will be very 


homogeneous. Such homogeneous maſſes may be 
vaſtly different, according as they are of different 
orders. But if the firſt, ſecond, third, &c. or- 
ders concur together, as alſo orders different from 
one another, as to figure, magnitude, or denſity, 
the body thence compounded will be heterogeneots, 
and ſo much the more as there are more orders in 
it's compoſition, or they more diſagreeing from 
one another. Experience informs us, that almoſt 
all the larger bodics are very heterogeneous, and 
mixtures as it were of very different things. For 
almoſt all Chemiſts in general inſtrut us, that 
metals are compounded of ſalt, fulphur, and mer- 
cury. And they likewiſe ſhew, that ſalt and ſul- 
hur are ſtil heterogeneous compounds. Alto 
emi- metals, and likewiſe ſtones, are made up of 
different principles; for fulphur, an imperfect me- 
talline ſubſtance, and arſenic conſtitute antimony. 
It is proved by the ſame Philoſophers, that vege- 
tables are made up of various ſpirits, odoriferous, 
rector, gas ſilveſtre, water, vinegar, gum, bal- 
ſam, reſin, diverſe oils, diverſe ſalts, and earth. 
The parts of animals yield ſubtile ſpirits, waters, 
volatile ſalts, phoſphorus, oils, earth; nor 1s it 

otherwife with the other greater bodies. 
$: 49. Hence proceed the various qualities of 
bodies, according to the different parts of various 
orders, more or fewer, of which they are compo- 
fed. Some Philoſophers have not improperly 
called the particles of various orders derivative cor- 
puſcles; which when made up of ſeveral ſorts, and 
are large enough to be perceived either by the na- 
ked eye or the microſcope, are generally obſerved 
to be unlike, ſome marks now and then appear- 
ing, by which they may be diſtinguiſhed from one 
| another. 
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another, I take notice that this is not always, but 
only ſometimes. For if you take very pure mer- 
cury, either raiſed into fume, or ſqueezed through 
the pores of leather, and receive it upon a clean 
glaſs, you will find the globules to be very like 
one another, nor can they be diſtinguiſhed by any 
mark. It is the ſame as to the vapour of clean 
hot water, and perhaps as to the parts of 
many other bodies. For it is not contrary to rea- 
fon, that from like ultimate ſolids particles ſhould 
ariſe of the firſt order, that are like one another ; 
and that from theſe others ſhould ariſe of another 
order, which are alſo like one another. So that 
we cannot wonder, that corpuſcles by the help of 


dur ſenſes ſhould be obſerved to be ſimilar. There- 


fore they that endeavour to prove from Metaphy- 


* ficks, that all bodies ſhould be neceſſarily diſtin- 
guiſhed by ſome mark, have delivered a doctrine 


+ which is contrary to the nature of things them- 
: ſelves. They always fall into ſuch miſtakes, who 


|| be reſolved, as they 


attempt to explain natural Philoſophy from Me- 


taphylicks. 
$. 50. Becauſe the particles of every order may 
have been compounded, into 


an inferior order, and of the loweſt order into the 
ultimate ſolids; it appears why any great body 
maybe reſolved into the leaſt particles, by attenu- 


a⁊tꝗion, fire, fermentation, putri faction, or a men- 
ſtruum. And theſe particles may be again con- 
joined as before, into the form of the like or of 
other orders; whence it will appear, how from 
the parts of one plant or animal being diſſolved, 


the parts of another plant or animal may grow, 
by virtue of the ſtructure where with the ſeeds 
were endued in the beginning of the creation, 
changing the orders of the parts in very different 
manners. Hence from the ſame earth or dung, 

D 2 | macerated 


35 


e 2 - 8 _ — 2 - 
— —— 2 - — — _ 6 — _ » - 
1 p 1 — — . S _ _ a 2 
_ — — — 2 * 
— — — r — ͤ.1XNV- x . 9 <4 — 
— Oy IA c 0 = 


36 


The ELEMENTS of 


macerated by the ſame water, the bitter aloe will 


grow, or the ſweet ſugar-cane, the acid ſorrel, or 
the fetid atriplex, the odoriferous roſe or the nau- 


ſeous ſenna, &c. which ſort of ſeminal power is 
perhaps lodged in the glands of. an animal body, 
{o that this may prepare milk, that bile, another 
ſpittle, another ſeed, another cerumen, another 
marrow. | 
F. 51. Likewiſe the various application and 
ſtructure of the particles of the ſame order may 
compoſe bodics of a very different texture. Wa- 
ter, which ſeems to conſiſt of particles of one or- 
der, (for no Chemiſt ever extracted any thing but 
water from pure water, ſo that it ſeems to be ſome- 
thing very limple,) being incloſed in a veſſel con- 
ſtitutes a pretty heavy fluid; being raiſed into va- 
pour by the particles ſeparating to a greater diſ- 
tance, forms a miſt or cloud; it's particles falling 
through the air, and gathering into round drops, 
it becomes rain; when conglomerated and con- 
gealed into oblong filaments, it takes the form of 
ſnow; the drops of rain freezing into ice, it aſ- 
ſumes the appearance of hail; all which when collect- 
ed and diſſolved become meer water, though it has 
undergone ſo many changes, by means only of the 
different arrangement and diſpoſition of it's parts. 

$. 52. Wherefore the generation and corruption 
of ſome of the greater bodies, is only a new con- 
figuration and combination of it's ſmaller parts; 
as alſo the reſolution of them, when compounded, 
into their ſmaller particles. For bodies are-not 
made out of nothing, when they are generated, 
nor by corruption are they reduced to nothing. 
Every change that can happen in bodies, is made 
only in their figure, magnitude, ſituation of the 
parts, coherence, and place of the whole maſs; 
as allo in it's gravity and moving forces. 
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F. 53. Among the attributes of body we have 
enumerated it's inact vi By this it comes to paſs, 
that a body changes it's ſtate of moving or reſting 
not without reluctance. 


For let there be ſome body at reſt, as A, and Tab. 1. 
let it be placed upon a ſmooth horizontal table, or Fig. 7. 


let it freely ſwing by a thread, as a pendulum ; it 
will-remain at reſt if no cauſe intervenes, to make 
it change it's preſent ſtate. Then let another bo- 
dy in motion B unpinge upon the body A; this 
body A will reſiſt the body B acting upon it. By 
this reſiſtance ſome force will be taken from the 
body B, and communicated to the body A : For 
B cannot have the ſame velocity as before the 
colliſion. This loſs of force in B could not have 
happened, unleſs there had been reſiſtance in A. 


If there had not been this inaCtivity in the body A, 


and the ſtruggle reſulting from thence with the 
body B, this body would have continued to move 
with the ſame celerity with which it impinged up- 


on A, and would have carried A along with it, 
whatever it's magnitude might have been. And 


thus an effect infinitely great might have been pro- 
duced by a finite, and that a very {mall cauſe. 

§. 54. We may obſerve alſo, that a greater 
moving force 1s required in B, to oblige the body 
A to move the ſpace A D, in the time - of one mi- 
nute, than to make it move through the ſame 
ſpace in the time of two minutes; for then a 
greater loſs of force muſt happen to B. So that 


there is a force in the body A to reſiſt a greater 
velocity, and therefore it oppoſes the other in mo- 
tion by it's force of reſiſtance. 


§. 55. In like manner fince the body A is now 


in motion, it would further diminith the force of 
the body B impinging againſt it, and endeavour- 
ing to move it more ſwittly by | it's own ſwitter 
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motion. After the impulſe this would now move 
more ſlowly, and therefore in the moving body A 
there is the ſame power of reſiſting the other in 
motion, as there was before when it was at reſt, 
And becauſe againſt the body A now in motion, 
other ſwifter bodies may perpetually impinge, and 
that in infinitum ; and ſince it perpetually reſiſts all 
their efforts ; it 1s plain that the ſame force of in- 
activity will always be exerted by the body, with 
whatſoever celerity it may move. And unleſs this 
ſhould obtain, a body moving with a certain ve- 
locity could no longer reſiſt thoſe which moved 
faſter than itſelf, but without any loſs of force to 
them, would be urged on by a common velocity, 
nor would their effects bear any proportion to their 
cauſes. 

§. 56. Hitherto therefore the force of inactivi- 
ty has been found to be re/tance, inaſmuch as the 
body, to perſevere in it's preſent ſtate, ſtruggles 
againſt any impreſſed force. Hence it is that ſome 
Philoſophers, to which this force of inaCtivity 
was unknown, have determined, that in bodies 
at reſt there was a power of perſevering in reſt, 

$. 57. Now let us conſider the body B as mov- 
ing, and impinging againſt the body A at reſt ; 
then B endeavours to change the ſtate of A. As 
therefore B endeavours to preſerve it's own ſtate, 
it diſcovers it's force of inactivity ; and becauſe it 
ſtruggles with the reſiſting body A, it exerts an 
in betus, which unleſs it had been poſſeſſed with, 
after it's colliſion with A, it would preſently have 
been at reſt, without producing the leaſt alteration 
in it. Philoſophers had made this an axiom, hat 
every body, whether at reſt or in motion, endeavours 10 
continue in the ſame ſtate, in which it is once placed. 
This is very true, but what is the cauſe of it? Not 
the axiom itſelf, but the force of inactivity, which 
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is found in all bodies. For A at reſt ſtrives a- 
gainſt B in motion, by it's endeavour to continue 
at reſt, And B in motion ftrives againſt A at reſt, 
by it's endeavour to continue in the ſame degree 
of motion. And each of theſe endeavours ſhews 
the force of inactivity. 

$. 58. By how much the reſting body A is 
greater, ſo much the more it reſiſts any external 
force, that endeavours to move it, and ſo much 
the ſlower it will be moved by equal ſtrength : 
and the leſs A is, ſo much the ſwifter it will 
move. Therefore the force of inactivity will be 
proportional to the quantity of matter; it will be 
double in a maſs as big again, tripple in a maſs 
three times as big,and it equally belongs to all the 
leaſt folids. Hence it will be the ſame in fluids as 


in bodies of conſiſtence, and a cubical inch of wa- 


ter will have as much force of inactivity, as the 
lump of ice into which it may be frozen. There- 
fore if the quantity of ſolid body remains the fame, 
whether it be a fluid reſolved into it's ultimate 
particles, or it ſhall harden into a firm maſs, the 
force of it's inactivity will be the ſame. There- 
fore it does not depend upon the inclination and 
direction of gravity, for it is equally exerciſed by 
bodies moving according to any direction what- 
ever, And if it depended upon gravity, there 


would be a difference in the force of inactivity, 


ac according to the direction in which the bodies 


' moving body. 
body has it's inactivity, in whatever direction it 


might move. A body at reſt exerts it's force of 
inactivity according to all poſſible directions of the 
And in like manner the moving 


may move. As long therefore as body will be 


| ſubject to change, and it will always be ſubject, 
ſo long it will have it's inactivity, and will always 
| exert it by producing equal changes. 


4 §. 59. 
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$. 59. Now is this force an eſſential attribute, 
or is it not a force which God impreſſes upon bo- 
dies, by always acting upon them, becauſe nei- 


ther reſt nor motion is eſſential to body ? To this 


we anſwer, that the eſſence of things is unknown, 
nor do we know any difference among the attri- 
butes. whether this or that more belongs to the eſ- 
ſence of things. Inactivity is an attribute, which 
is then more plainly diſcovered, when bodies im- 

inge upon one another. But it is not then on- 
by diſcovered, but alſo when bodies are at reſt. 
Therefore it is a force always inherent in bodies, 
in whatever ſtate they may be; and ſince they 
can never be deprived of it, nor can 1t ever be ab- 


ſent from them, it will be an univerſal attribute, 


and is as much impreſſed by God upon corporeal 
ſubſtance, as extenſion, ſolidity, or any other 
attribute. 

$. 60. But cannot the force of inactivity be abſent 
from body, without the deſtruction of body? 
Here I ſhall ingenuouſly confeſs my 1gnorance. For 
though by mental abſtraction we may conceive 
the extenſion of body, without giving any atten- 
tion to this force, it does not thence follow, that 
it can be actually abſent from body, more than 
ſolidity can be abſent, or any other attribute. Yet 
this is moſt certain, that unleſs their inactivity 
were to continue to the bodies that compoſe the 
univerſe, there would ſoon be an end of this moſt 


beautiful ſtate and order of all things. For then | 


the leaſt corpuſcle might ſtop the motion of all the 
greateſt bodies, and again the leaſt might move the 
whole univerſe with the utmoſt rapidity. So that the 
greateſt diſorder and confuſion would immediate- 
ly ariſe in the univerſe, and the laws of motion 


and percuſſion would be far different from what 


they now are. 
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F. 61. And thus we have learned, that the 
force of inactivity is found in every extended ſo- 
lid body; but we by no means underſtand how 
it inſeparably inheres in it, or how it is commu- 
nicated to it. C-: 

$. 62. Body by it's force of inactivity oppoſes 
every change. For ſince no change can happen 
to bodies, but by motion, by F. 5.. and it reſiſts 
motion by its force of inactivity, it will therefore 
oppoſe any alteration of ſtate whatever. 

F. 63. Every body, whether great or ſmall, 
may be transferred out of one place into another, 
and therefore it is moveable ; whence this attribute 
is called mobility. 

$. 64. But a body need not neceſſarily move, 
in order to exiſt, ſince it might for ever have con- 
tinued in the place, in which it was at firſt created. 
And if it is now in motion, that motion may be 
ſtopped without deſtruction to the body; ſo that 
every body is quieſcible, and this attribute is called 


quieſcibility. 


$. 65. Becauſe in motion there are many things 
to be conſidered, as alſo in the other attributes of 
bodies, as in gravity and attraction ; I have choſe 
to examine them all more at large in particular 
chapters. To the aforementioned attributes other 
Philoſophers have added theſe; to be in à place, 


and to be in time, to perſevere, to be finite, to be crea- 


ted : but bodies have theſe. in common with other 


Others have added with more 
reaſon, every body fills ſpace. 


1 When I was creating of the pores of body, 1 
ſaid, they were extended, but not corporeal; I 
muſt now conſider this extenſion, this vacuum, 


or empty ſpace, and ſhew that all place is not 
poſſeſſed by body. 
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CHAP. II 
Of Vacuum, or empty Space. 
J. 66. B the generality of Philo 


ſophers are very much divided about f 
a vacuum, eagerly diſputing whether there be any 


ſuch thing in the univerſe, or not; we muft not 


treat on this ſubject in a negligent and ſuperficial | a 


manner. Firſt then we mult ſhew, that we may 
form an idea of a vacuum. Secondly, that it is 


poſſible for a vacuum to exiſt. And thirdly, that | | 


it really does exiſt in the univerſe. 


$ 67. Our idea of ſpace is thus formed. A A 


point as A may be conceived, and beſides that 
another point B diſtinct from the former ; between 


theſe two points there will be a ſpace or diftance, | 


which I call the moſt fimple kind of ſpace. This 
may receive a mathematical line AB, terminated 
by each of thefe points. 


§. 68. Beſides the line AB, another line CD | 


may be conceived, different from the former, but 


parallel to it, between which lines a plain ſpace is 


intercepted, which can receive a mathematical 
ſurface. 


$. 69. Beſides the mathematical ſurface ABCD, | 
another parallel to it EFGH may be conceived, | 
between which is included a ſpace different from | 
the former, which may receive a body of three | 


dimenſions. 
F. 70. Or a ſuperficies AB CD may be con- 


_ ceived, and a ſecond EFGH, and a third ABEF F 


touching the former; as alſo a fourth CDGH, 
and a fifth BFDG, and a ſixth ACHE. All 
which ſurfaces will contain a ſpace of three dimen- 


fioxs, which will be like the former, except that 
this is terminated on all ſides, and the other was 


conceived as not ſo terminated, 
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$. 71. The idea of ſpace thus formed will re- 


- preſent nothing elſe to the mind but mere exten- 


ſion; and whoever ſhall examine this idea, will 


by no means find that the idea of body is compre- 
* hendedin it. So that by this means every one 
will have formed in his mind a conception of that 
thing which we call ſpace; and becauſe body is 
not at the ſame time conceived in it, we may call 
it vacuum, or empty ſpace. 


$. 72. The fix ſurfaces conceived in hg. 12, 


are neither any parts of the ſpace they compre- 
hend, nor do they ſo much as belong to it. For 
the ſpace conceived in F. 70. was an extenſion of 
three dimenſions, and therefore they are things 


wholly different in their nature. And ſecondly, 


the ſpace in F. 69. fig. 11. is not terminated on 
all ſides by ſuperficies. Therefore ſuperficies are 
not required in ſpace, nor do they neceſſarily be- 


long to it. Therefore the ſpace hitherto con- 


ceived of it's own nature is without ſurfaces. 


And thus it will differ from the conception of 
body, which is conceived to be terminated on all 
ſides by ſuperficies. 

$. 73. Now if the fix terminating ſuperficies 
are conceived to recede from one another in infini- 


tum, an idea will be thence acquired of immenſe 


pace; and the ſuperficies being excluded out of 
the conception, an idea will be formed of ſpace 


| altogether interminate, and abſolutely infinite in 
- F magnitude. 


§. 74. Space thus conceived as in 5. 73. is firſt 


void of all body. And ſecondly, is penetrable 


by body without any reſiſtance. Thirdly, it is 


every where homogeneous and like itſelf; for 
nothing but mere extenſion is conceived by the 
mind. Fourthly, it 1s an unit, or one thing only. 
Fifthly, it is continuous, and not broken into 


parts. 
2 
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1 Sixthly, it is really indiviſible. Seventh- 
, It is interminate and indefinite. Eighthly, it 
is immoveable, ſince it is of an infinite amplitude. 
Ninthly, it is therefore immutable, as alſo be- 
cauſe it is an infinite unit. Tenthly, yet by ab- 
ſtraction we may conceive ſuperficies to be placed 
in it, though they do not belong to ſpace, which 
will have this effect, that the parts of ſpace as it 
were may be exhibited, which are menſurable, or 
capable of being compared and meaſured. Laſtly, 
thoſe ſuperficies may be conceived as removed, 
and yet ſpace is not diviſible, nor can one part 


recede from another. 


F. 75. From all which it appears, that the 
mind can form an idea of ſpace, nor does it in- 
clude an abſurdity, nor is it an idea of nothing, 
but of a thing that is inveſted with many proper- 
ties, though they are ideal ones only; ſo far as 
we have yet proceeded in our demonſtration. 
Now that it is an idea of nothing, ſome Philoſo- 
phers have thus endeavoured to prove. Out of 


© the multitude of bodies in being, let there be 


ſome one pitched upon, which, the reſt remain- 
ing as before, may be ſuppoſed to be annihilated. 
Hence ſpace will be given. But let this alſo be 
annihilated, the ambient bodies being ſtill un- 
moved; then nothing will be given. But this 
latter ſtate does not differ from the former; ſo 
that the former, as the laſt ſtate, was nothing at 


all. And thus theſe diſputants ſhew, that they 


can form in their minds an idea of extenſion, 
which is not replete with body, which before 
'they had denied they were able to do. Secondly, 
they are guilty of no ſmall miſtake, who pretend 
to conceive ſpace to be deſtroyed among bodies, 
while the bodies ſurrounding it are at reſt. For 
how can ſpace or extenſion be deſtroyed, the ſame 

extenſion 
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extenſion remaining ſtill? Thirdly, ſince the 
ſpace of the univerſe 1s only ſome one thing, in- 
diviſible, and without parts; how can a part be 


conceived as annihilated, the reſt ſtill remaining? 


$. 76. But let us hear another objection againſt 
ſpace. * If impenetrability makes the difference 
between the extenſion of ſpace and body, then 
impenetrability being taken away, two extended 
things will be given, which differ only in num- 
ber. But it is contrary to reaſon, that there 
ſhould be two things, which differ only nume- 
rically. 

To which we anſwer, that it is not impenetra- 
bility, that makes the difference between the ex- 
tenſion of ſpace and body, but between ſpace and 
body. Secondly, impenetrability cannot be ſe- 
parated from body, and therefore the notion of 
ſuch a ſeparation is chimerical, and repugnant to 
the nature of the thing. Thirdly, it is not im- 
penetrability alone, that makes the difference be- 
tween ſpace and body, but many other properties; 
as the infinity of ſpace, body being finite, and 
terminated by ſuperficies, which again does not 
conſiſt with ſpace. So that ſpace and body are 
not two extended things, differing only in num- 
ber, but agreeing 1n every thing elſe. 

F. 77. Allo this idea of ſpace is very different 
from that, which ſome very learned men have 
formed to themſelves, attending to the coexiſtence 
of ſeveral ſimultaneous things A, B, C, D, and 
diſtinguiſhing the manner in which A coexiſts 
with B, from the manner in which it coexiſts 
with the reſt Cand D; foraſmuch as they are 
placed by one another in ſuch an order, as that 
the diſtance between A and C is different from 


» Wittichius in orat, de infinito. 


the 
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the diſtance between A and D. And in this man- 
ner they affirm the notion of ſpace is formed, 


which therefore they thus define, the order of 


fimultaneous things, as coexiſting. It muſt be owned, 
that a conception of the order of ſimultaneous 
things may be formed; and becauſe the defini- 
tions of names are arbitrary, to this may be ap- 
plied the name of ſpace. But this conception is 
very different from that which we have formed, 
and called by the name of ſpace. Therefore 
Philoſophers diſpute very needleſsly with one 
another about ſpace, whether it is empty or full, 
calling by the ſame name things which they con- 
ceive to be very different from one another. The 
conception of the order of ſimultaneous things 
neceſſarily infers plenitude ; whereas vacuum is 
neceſſarily the ſpace conceived by us, F. 70. 

$. 78. Hitherto we have treated only of ideal 


ſpace : now we muſt demonſtrate, it is poſſible | 


{ſuch an empty ſpace may exiſt in the univerſe. 
Let us imagine that God ſhould have included all 
created matter in the ſphere A, and that it is at 
abſolute reſt, God by his omnipotence might 


annihilate a portion of the matter B, and there | 
will remain the extended ſpace B, void of all bo- 


dy. This will not be filled again, becauſe we 
conceive all body to be at reſt in the ſphere A, 


to which no motion is communicated, God only | 


annihilating the part of the matter B. 


$. 79. Let us alſo imagine, that God has in- F 
cluded all matter in the two ſpheres A and B; as 
theſe touch one another only in the point C, they 
muſt neceſſarily leave between them the extended | 
ſpace DCE, FCL, void of all body. In vain F 
have Philoſophers laboured to refute theſe argu- | g 
ments, ſuppoſing the two ſpheres A and B to f 
touch one another, not in a point, but in ue | 

whole | 


exiſt in this univerſe. 


fluid never ſo ſubtile and rapid. 


NATURAL PHILOSOPHY. 


whole ſuperficies, without any intermediate ſpace, 
becauſe nothing would intercede. 
can touch a ſphere only in one point. 


For a ſphere 
$. 80. Nor have they cleared up the difficulty 


any better, who affirm, that body is intercepted 
between the two ſpheres, becauſe there is extenſi- 
on between them. For either it is 
Sad to include all matter in two ſuch ſpheres, or 


poſſible for 


it is not poſſible. But there is no abſurdity in 


' ſuppoſing him ſo to include it; what therefore 
can remain elſewhere but empty ſpace ? But in 


Philoſophy all queſtions about poſſibilities are of 
little ale 
ſtrate, that vacuum or empty ſpace does really 
But this will be proved in 
ſeveral of the following chapters in its proper 
place; I ſhall only bring here a few arguments, 
which have been juſtly urged by antiquity. 

$. 81. Let there be two corpulcles perfectly 


Therefore it will be better to demon- 


47 


ſohd A and B, touching one another by the ſu- Tab. 1. 
perficies DC. Let theſe be removed from one he ie 


another to any diſtance, and at the time of ſepa- 
ration there muſt have been empty ſpace. For 


whilſt they touch let them be ſurrounded on all 


ſides by a fluid, and let that fluid be indued with 
ſuch a ſwift mobility, that it ſhall immediately 
flow between the bodies, and fill up all vacancy. 


Therefore it is neceſſary, that as it comes from 
the external parts, it muſt firſt arrive at the higher 


parts ee, tf, before it can come to the middle gg. 


Therefore for ſome time the middle ſpace g g 
was not filled with body. 
which touch one another, touch with their ſolid 
parts, ayd not with their pores. 
often as greater bodies are broke, or are ſeparated 


All greater bodies, 
Wherefore as 


from one another, a vacuum muſt neceſſarily 
happen, though they may be ſurrounded by a 
§. 82. 
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F. 82. All the particles of any bodies whatever 
are neceſſarily figured, and if we examine a heap 
of ſand, we ſhall find the figures of moſt of the 
Let us ſuppoſe with thoſe _ 
pretend all things are 
full of a moſt ſubtile fluid, that between the 
parts of the grains of ſand a fluid is interpoſed, | _ 
that moſt exactly fills up all it's pores and inter- 
Then the parts of this fluid alſo will have 
Now let the heap of ſand be moved | 


ſands to be different. 
that deny a vacuum, and 


ſtices. 
it's figures. 
with a ſtaff, ſo that none of the ſands may remain 


in their former contact. Therefore can it be 


imagined, that in ſuch an alteration of the inter- 
ſtices and pores, particles of the fluid ſo figured 
ſhould always be ready, ſo as perpetually and ex- 
actly to fill up all the interſtices? It will eaſily 


appear to any one that conſiders it, that in ſuch a | 


perturbation of the parts, ſome empty vacancies 
muſt neceſſarily happen; nor is it required, for 
the proof of a vacuum, that it ſhould be ſo with 
the greater parts of bodies only ; for let the par- 
ticles themſelves of the moſt ſubtile fluid be taken, 
which, however they may be figured, being mixed 


and agitated among themſelves, will neceſſarily | 
form little ſpaces not filled up, and therefore a | 


Vacuum. N | 
$. 83. But farther, we could move no body 
out of it's place, if there were not a vacuum. 


Now to conſider the extent of the univerſe, ac- | 


cording, to the lateſt obſervations of Aſtronomers, 
let us admit the angle of the annual parallax to 
be only one ſecond, Hence the diſtance of the 
ſtar Sirius from the earth will be ſuch, as that a 
ball ſhot from a canon could not deſcribe it in leſs 
than 104166666636 years. Other ſtars in the 
milky way are yet almoſt infinitely farther diſtant 


Fig. 16. from the earth. Therefore let your finger be A, 


which 
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which you have a mind to move, according to the 
direction AD. Now if the whole univerſe is full 


bol bodies, muſt not all the bodies be moved from 
A as far as D, as far as the corporeal world is ex- 
' © tended; and therefore an infinite number of bo- 
dies muſt be moved, that are intermediate be- 
' - tween A and D. The reſiſtance of theſe is im- 
' - menſe, becauſe of their force of inactivity, which 


therefore cannot be overcome, but by an infinite 
power. So that by the little ſtrength we are 


maaſters of, we cannot move ſo much as a finger. 
\ | © Yet experience ſhews the contrary; for without 


| exerting my ſtrength, and without perceiving the 


leaſt reſiſtance, I eaſily put forth my finger. There- 


fore between A and D there muſt be but a few 
bodies, or none at all, but a vacuum which makes 
no reſiſtance. But they that have recourſe to the 
circular motion of fluids find but a poor refuge, 
| ſince if all things were perfectly full, it could 
have no place at all. 


$. 84. If a body is moved through that moſt 
ſubtile fluid which we call quickſilver, it ſuffers a 
very great reſiſtance. If the ſame body be moved 


through water with the ſame velocity, the re- 
ſiſtance will be fourteen times leſs. But if the 


ſame body is moved through the air, the reſiſtance is 
about 14000 times leſs than when through quick- 
ſilver. If theſe fluids had been intirely replete by 


bodies in their interſtices, or with any ſubtile mat- 


ter, they muſt alike reſiſt the ſame body; ſince 


an equal quantity of matter muſt be expelled out 


of it's place. But the thing is not ſo; the air 
hardly reſiſts at all, and therefore there is a leſs 


quantity of body in the air than in water. And 


\ leſs in water than in mercury. Therefore there 
will be much vacuum in air, leſs in water, and 
leaſt of all in mercury. 


Vor. I. E + SUE: 
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$. 85. Now it cannot be replied, that the re- 


ſiſtance of fluids depends upon the groſſneſs of | | 


their parts, for it is the force of inactivity which 
is the cauſe of their reſiſtance. This force is as 
much in the moſt ſubtile as in the largeſt bodies, 
and is always proportional to the quantity of the 


bodies, ſo that the quantity of matter being equal, | 


the force of inactivity will be equal alſo. More- 
over the air, which of the bodies aforementioned 
reſiſts the leaſt, probably conſiſts of the greateſt 
particles, and mercury of the leaſt, which yet 
gives the greateſt reſiſtance to bodies moved 
through it. Nor can it be replied, that bodies 
moving through fluids ſuffer no reſiſtance from 
the ſybtile matter that permeates it's pores ; for 


then it may be inquired, whether theſe Philoſo- | 
phers do not maintain, that this ſubtile matter by | 


it's force preſſes down bodies, and ſo is the cauſe 
of their gravity. Wherefore if in this cafe it acts 


upon ſolids, why ſhould it not do the ſame, if | 


there were any ſuch, by reſiſting bodies moving 
through thoſe fluids, 

$. 86. let there be two ſpheres A and B con- 
tiguous to each other, which are ſurrounded by a 


fluid. Let us ſuppoſe A to move the length of | 
it's own diameter towards C; wherefore alſo the! 


ſphere B muſt move the ſame diſtance. But the 


anterior fluid, which is at A, could only move | 
from C to E, ſo that CE may be equal to the | 
diameter A C, becauſe it could only move ſuch | 


a diſtance as the globe A. And ſo it will be with 


the fluid, that is at the anterior part of the ſphere | 
B, and which was intermediate between A andB |. 


before they moved, for that would withdraw as 


far as F. Wherefore ſince the fluid before the globe 
A only arrives at E, the other ſtays behind at F | 


or farther, between E and F there will of neceſſity 
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be no fluid, but therefore a vacuum. But if the 
fluid before the ſphere A can be ſuppoſed to move 
from C, the extremity of the diameter, about the 


globe A, and fo fill the ſpace between A and B; 
then this fluid muſt neceſſarily move faſter than 


the ſphere, and paſs through a greater ſpace; 


ſo that in the intermediate courſe it muſt paſs 
through empty ſpaces: for otherwiſe it could not 


move a greater way. 


$. 87. But theſe ingenious men have attempted 
to oppoſe a vacuum ſeveral ways, rather to ſhew 
their ingenuity than to diſcover truth; and have 
betook themſelves to the power, wiſdom, and 
goodneſs of God. For they ſay, the more ſolid 


matter there 1s in the univerſe, ſo much the more 
ample occaſion God will have, to manifeſt his wiſ- 
dom and power, which are certainly infinite. And 


ſince he can operate only upon matter, and not 


upon ſpace, matter muſt be every where, and 


empty ſpace no where. But this objection will 


fall to the ground if we ſhould aſſert, that God 


operates equally upon ſpace as upon body ; to 
preſerve the ſpace he has created, to fill ſpace by 
his immenſity. Therefore he every where mani- 
feſts his power and wiſdom, though body is not 


every where. Secondly, if it has pleaſed God to 
create ſpace as well as body, in this creation are 


not his power and wiſdom ſufficiently conſpicu- 
ous, and are not theſe things vaſt enough which 
he has created? ſince he has produced ſpace out of 
nothing, which 1s of infinite magnitude, in which 


ſpace he has placed the ſun, an hundred thouſand 
times greater than the earth, and the fixed ſtars 
ſo much greater than the ſun, and infinite in 
number. No leſs wiſdom is ſhewn in creating 


ſpace than in body. If the difference is placed 
in the excellence of each, and if God may be ſaid 
82 9 "© 
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to operate only upon the moſt excellent ſubſtan- 
ces; who can ſhew, that ſpace has leſs excellence 


than body, ſince that is infinite and this is finite? 


Then how can we know that God operates upon 
the moſt excellent things only, and not upon all? 
This is only a fictitious hypotheſis. Minds are 
certainly more excellent than body, men than 
brutes, animals than vegetables, vegetables than 
foſſils, as will be allowed by theſe Philoſophers. 
Therefore muſt God only operate upon minds, 
the reſt being neglected? This will follow from 
their aſſertion, which is proved to be very erro- 
neous, by the univerſal conſervation of all things. 
Thirdly, the nature of things required, that there 
ſhould be both matter and ſpace, one to receive 
and the other to be received; and ſince God in- 
tended that bodies ſnould move at various diſtances 
from one another, opportunity muſt be allowed 
them ſo to move. That is, they were to be 

laced in a moſt extenſive ſpace, Which was pene- 
trable and without reſiſtance, in which again the 
divine wiſdom eminently diſplays itſelf; as it's 
goodneſs is alſo diſplayed in the creation and pre- 
ſervation of all other things, which were not ab- 
ſolutely neceſſary. 

§. 88. Likewiſe the following objection is of 
no greater force. If ſpace be a 3 it will 
ſubſiſt more than other ſubſtances, nor can be 
deſtroyed of God. In the exiſtence of things 
I ſhould think there is no room for more or lets. 
But if God ſhould think fit, firſt to annihilate 
bodies, and then ſpace, why could not that be 
done, what ſhould hinder it? 

Should it pleaſe God that nothing ſhould exiſt 
but himſelf, then there would be neither ſpace 
nor body. For in ſpace there is not a greater 
power of reſiſting the divine w ul, than in body: 
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or cannot it be annihilated, becauſe it 1s endued 
with no force of reſiſtance? Surely ſo much the 
more eaſily, But how vain mult ſuch a diſpute 
be, ſince it is abundantly evident, that God will 
not annihilate what he has once produced. And 


how ſhall weak men determine by their very 


narrow capacities, what God can do, and what 
he cannot? Do we clearly comprehend in our 
minds, how God can annihilate matter? By no 
means. So neither can we comprehend how he 
can annihilate ſpace. Therefore by what right 
ſhall we deny this can be done of the one, and 
not of the other? 

They go on thus. When light is taken away 
from any place, ſhadow will remain, which can- 
not be taken away, unleſs light be reſtored. In 
like manner if you take away body, and let no 
other ſucceed in it's place, there remains empty 
ſpace, which cannot be extinguiſhed, unleſs body 
be again reſtored. But here according to them, 
ſpace would not be an indelible ſubſtance, ſince it 
would be deſtroyed by the admiſſion of body to 
fill it. But what can be proved by a compariſon 
of unlike things, ſuch as ſnadow and ſpace? They 
would have each to be only a privation of things 
poſitive, which we have ſhewn in F. 65. to be 
contrary to the nature of ſpace. 

$. 89. Then they attack ſpace by theſe conſe- 
quences. If it be a ſubſtance, it muſt be an ab- 
folute being, eternal, void of paſſion, and inde- 
pendent of God. Therefore there will be two 
independent beings in the univerſe, God and ſpace, 
which is abſurd. Now I will grant ſpace to be 
a being, as all bodies, and alſo the fouls of men 
and other ſpirits are beings. Alſo ſpace is an 
abſolute being, independent of other created be- 
ings, a thing of it's own kind, and ſpirits are of 

| E 3 another 
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another kind, bodies of another. But 1s it an 
eternal being? No. It was created of God ; for 
in the beginning God created the heaven and the earth, 
that is, ſpace and bodies. I readily acknowledge 
I cannot conceive the creation of ſpace ; but nei- 
ther do I underſtand any better the production of 
bodies out of nothing. Here the human mind is 
quite at a loſs, and altogether bewildered. But 
I conclude, that ſpace was created, becauſe it was 
not abſolutely neceſſary, and it might not have 
been created, If it had pleaſed God neither to 
have created body, nor any thing elſe, I do not 
ſee that it would be then neceſſary, that ſpace 
ſhould exiſt. The final cauſe of it's exiſting 
ſeems to have been, that it might receive bodies, 
and that they might move in it, though it may 
be capable of other uſes alſo. Secondly, it could 
not proceed from itſelf, becauſe there is nothing 


in it that can be conceived to act. Therefore it | 


could not exiſt by it's own power. Hence it 


could not be before God, ſince it includes no | 


virtue in it, by which it might begin to be. Alſo 


for the ſame reaſon it could not begin to be of | 


itſelf together with God; it remains therefore 


that it began to be after God, againſt whoſe will 
it could not have been at all, and therefore was 


created by him, and conſequently not eternal. 


Therefore it follows, that God alone is a being 


abſolutely eternal. Therefore ſpace alſo, which 


is a created being, will be dependent upon God. | 
I ſhall eaſily Þ 


It is ſaid to be void of paſſion. 
allow it, if by this is meant, that ſpace cannot be 


moved, as bodies are moved; nor can it's parts 
be ſeparated, for ſpace does not allow this. But 


it is capable of mutation, ſince it may either be 
filled with body, or bodies being removed may 


become a vacuum, So that this objection vaniſhes 
alſo. | 8 90. 
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90. The ſpace of the univerſe is one, invi- 


ſible, intangible, extended, of infinite amplitude, 
nor confined by any limits, homogeneous, always 


ſimilar to itſelf, continuous, immoveable, indivi- 
ſible; in which are no actual parts, but there 
may be accidental, which are intercepted between 
the ſurfaces of bodies, and conſtitute relative 
ſpace. Yet theſe cannot be ſcen, nor diſtinguiſh- 
ed by our ſenſes; therefore in their ſtead we uſe 
ſenſible meaſures, taken from the diſtances of 
bodies; and thus the parts are menſurable, though 
immoveable. The order of the parts is immu- 
table, becauſe ſpace is one, immoveable, and indi- 
viſible. Moreover it is penetrable by bodies 
without any reſiſtance, containing all bodkes with- 
in it, allowing them motion in and by itſelf. 
Some learned men have declared againſt the 
infinity of ſpace. For ſince it is appropriated to the 


receiving of bodies, every one of which is finite 


both in magnitude and number, that which 
would be beyond bodies would be uſeleſs. And 
ſince the wiſdom of God cannot permit, that 
there ſhould be any thing ſuperfluous and uſeleſs, 
ſpace therefore cannot be infinite. But here it 
muſt be obſerved, that an extenſion of ſpace 1s 
required, much greater than the extenſion of all 
bodies, becauſe in this the planets and comets 
muſt perform their courſes, which are removed 
from one another at immenſe diſtances. But how 
can we have a knowledge of all the ends, which 
God may have propoſed to himſelf in creating 
ſpace? For though we cannot perceive the uſe- 
fulneſs of many things, yet we muſt not therefore 
pronounce them to be ſuperfluous. And though 
we have not yet diſcovered the uſe of that exceſs 
of ſpace, nor why God has indued it with ſuch 
a nature as that it ſhall be infinite. 


E4 §. 91. 
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$. 91. Some Philoſophers that acknowledge 
ſpace to be infinite, and conſider God as a being 
abſolutely infinite, endued with infinite attributes 
and perfections, and who conceive extenſion like- 
wiſe as a perfection; have aſcribed this to God 
alſo. And ſince the extenſion of ſpace only is 
infinite, which comprehends all things, they have 
imagined this to be the immenſity of God. Thus 
all things would be in God, and thus God would 
be omnipreſent or in all things of the univerſe. 
But this opinion, though a ſubtile one, is charged 
with many duficulties, For firſt, though in ſome 


things ſpace may agree with God, as that it is 


infinite, yet it is not therefore one and the ſame 
thing. Space agrees with body, as having exten- 
ſion, yet ſpace and body are two very different 
things. So our mind agrees with God, in that both 
think; yet they are infinitely different. In like 
manner becauſe ſpace is infinite, it will not thence 
follow, that it 1s any attribute of God. Secondly, 
if there were no bodies, it does not appear that 
ſpace would be abſolutely neceſſary, as far as we 
yet know it's uſe. But there can be nothing ſup- 

oſed in God which is not abſolutely neceſſary. 

hirdly, as God is a moſt active being, and the 
fartheſt oppoſite to reſt and inactivity, of whom 
we know none but operative attributes; can an 
inactive attribute belong to him, without any 
action or underſtanding, but merely paſſive? This 
is by no means probable. Laſtly, are any ſpiri- 
tual beings, that we are acquainted with, found to 
be extended? In the mind of man, or even of 
brutes, we obſerve no ſuch thing: why then 


ſhould extenſion be aſcribed to God ? 


$. 92. Yet God cqually fills every point of 
ſpace, becauſe God is an omnipreſent being, and 
gf ablolute neceſſity. If therefore we could ſup- 
pole 
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poſe any part of ſpace, in which God was not pre- 
{ent, he would not be omnipreſent, nor abſolutely 
neceſſary. For thus likewiſe we might ſuppoſe 
him abſent from another part of ſpace, and ſo 
from the next, that at laſt he might be abſent eve- 
ry where, and ſpace ſubſiſt of itlelf, Since this 
therefore is an abſurd concluſion, it follows that 
God ispreſent in every part of ſpace. But how does 
he fall it? Here our underſtanding will fail us, 
and we muſt be content to account for it negative- 
ly, that it is in a manner not at all human, not 
in'a corporeal manner, but in a manner altoge- 
ther unknown and inconceiveable by us. So that 
as we underſtand nothing leſs than the divine om- 
nipreſence, yet there is nothing that we can be 
more convinced of; in which likewiſe we have 
the authority of the holy ſcriptures to confirm us. 


E. 
Of Place, Time, and Motion. 


§. 93. LACE is two-fold, abſolute and rela- 
tive. Abſolute place is that part of ſpace 
of the immoveable univerſe, which is occupied by 
the body. It is a part of ſpace, not the ſituation of 
body, nor the ambient ſuperficies. For equal 
ſolids have always equal places, whereas the ſu— 
perficies, becauſe of the diſſimilitude of figures, 
are commonly unequal. And ſituations, properly 
Ipeaking, have no quantity, nor are they ſo much 
places as affections of places. 
$. 94. Kelative place is ſome ſituation of the 
body in reſpect of other bodies, that affect our 
| ſenſes, and by which they may be compared. 
9. 95. Therefore the relative place may be the 
ſame, although the abſolute place be different; 
| when 
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when bodies preſerve the ſame diſtance and ſitua- 
tion in reſpect of one another, the whole moving 
together. But ſome bodies remaining in the ſame 
ſpace, and others being moved out of their ſpaces, 
the abſolute place of the firſt will continue the ſame, 
though not of the others; and thus the relative of 
all of them will be changed. 

96. Time likewiſe 1s two-fold, abſolute and 
relative. Abſolute, true, and mathematical time is 
that which flows equably, of itſelf, and of it's own 
nature, without relation to any thing external. 
This by another name is called duration, becauſe the 
continuance of things ſucceed one another moſt 
equably, without any interruption, and without 
inequality. Therefore abſolute time 1s only a con- 
ception of exiſtences, which follow one another 
in a continued feries ; which never flow ſwifter 
or ſlower, but which always as it were keep the 
ſame pace. 

$. 97. Relative, apparent, and vulgar time is 


any ſenſible and external meaſure of duration, by 


the help of motion. This meaſure is very impro- 

r, ſince it is different from duration, and has on- 
y ſome ſimilitude to it; foraſmuch as that in both 
there are ſucceſſions following one another. 

It is alſo an uncertain meaſure, becauſe the mo- 
tion of bodies is equal and unequal, ſwifter or 
flower ; nor can the equability or inequability be 
always known. 

$ 98. Wherefore time is no being, nor any 
thing corporeal ; nor the interval between the ſuc- 


ceeding changes of things. As ſome Philoſophers | 


have thought, both ancient and modern. 
The order of the parts of time is immu- 


| une . * the later time could not have been the 


former, or the intermediate. All things are pla- 
ced in time, as to their order of ſucceſſion. 
§. 100. 
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$. 100. If we conceive a mathematical point 
to flow equably, by a ſimple and continued mo- 
tion, it will deſcribe a right line, which may re- 


preſent time. The length of this line will expound 


the ſum of all the moments of time, and like 
time is diviſible into an infinite number of parts. 
Wherefore henceforwards we ſhall expreſs time by 
the help of a line. 

F. 101. Abſolute motion is the ſucceſſive exiſt- 
ence of a body in different parts of the ſpace of the 
immoveable univerſe. This motion cannot be 
age x. unleſs at the ſame time we conceive the 

ace of the univerſe to be diſtinguiſhed into parts, 
. it actually has no parts; therefore motion 
is conceived relatively to the imaginary parts of 
ſpace. This is the only true motion, which would 
be known together with it's velocity, if the earth 
were at reſt. But this being in perpetual motion, 
the motion of earthly bodies is not ſo eaſily known. 
Hence Philoſophers not 1mproperly have diſtin- 
guiſned a three-fold motion. Firſt the abſolute 
motion we have now defined; ſecondly the relative- 
ly common ; and thirdly the relatively proper. 

$. 102. That is called motion relatively common, 
when a body carried on together with others, in 
reſpect of them keeps the ſame ſituation, and ſo 
ſeems to be at reſt : yet together with thoſe bo- 
dies paſſes through the ſeveral parts of univerſal 
ſpace. With ſuch a motion as this a mariner is 
carried, who fits at reſt in his ſhip under ſail. Or 
with ſuch all things are moved that adhere to the 
ſurface of the earth, while it revolves about it's 
own axis, and is erden round the ſun. Or laſt- 
ly, with ſuch a motion a dead fiſh moves, which 
is rolled along with the ſtream. 

d. 103. Motion relatively proper is a ſucceſſive 


application of a body to the different parts of the 
bodies 
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bodies that immediately ſurround or touch it, 
With this motion all things ſeem to us to be car- 
ried, which in our earth we perceive to be moved, 


$. 104. Abſolute reſt is the continuance of a 


body in the ſame parts of the ſpace of the uni- 


Therefore it is a property of reſt, that bodies 
truly reſting ſhould be at reſt among one another. 
But becauſe the parts of ſpace do not affect our 
ſenſes, it cannot be known whether bodies conti- 
nue in the ſame parts of ſpace or no. It is poſſi- 
ble that ſome body in the regions of the fixed 
ſtars, or far beyond them, may be ablolutely at 
reſt, But it cannot be known, by comparing the 
ſituation of bodies among one another in our re- 
gions, whether any of theſe obſerves the ſame po- 
ſition in reſpect of that very remote body or nor, 
and therefore real reſt cannot be determined by their 
ſituation among one another. 

$. 105. Relative reſt is the ſame ſituation of a 
body, compared with others that are near it, or 
immediately ſurround it. As the earth reſts in 
reſpect of the ambient atmoſphere. Thus all bo- 
dies reſt that are fixed to the ſurface of the earth : 
or all that are firmly included in other bodies, in 
whatever condition theſe may be. Wherefore a 
body may reſt relatively, which is moved by a 
common relative motion. 

$. 106. Alſo a body may appear to be carried 
by a motion relatively proper, which yet is in ab- 
ſolute reſt. For if the earth were at reſt, and a 
ſhip were ſailing from welt to eaſt, and ſomebody 


ſtanding at the head (who looks upon the ſhip as 


at reſt in reſpect of himſelf,) ſhould throw a ſtone 
from eaſt to weſt, or to the ſtern of the ſhip, with 
the ſame velocity as the ſhip ſails with ; to a ſpec- 
tator in the ſhip the ſtone will ſeem to move with 

a proper 
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a proper motion. Wherefore true and abſolute 
motion cannot be determined by a remoyal from 
bodies, which are looked upon as at reſt. Since 
to another man at reſt, placed without the ſhip, 
the ſtone will appear to reſt abſolutely ; which is 
truly at reſt, ſince it continues in the ſame part of 
univerſal ſpace. Now in what follows, it will be 
beſt to conſider all motion as abſolute motion. 

$. 107. It is a controverſy alſo among Philo- 
ſophers, whether reſt is any thing poſitive, or on- 
ly a privation of motion. This diſpute took it's 
original from hence, becauſe there is found a force 
of reſt in bodies, which we have called before the 
force of inactivity. Whence there ſeemed to be 
ſomething poſitive in bodies at reſt, For if a body 
at reſt ſhould receive one degree of motion from 
another impinging againſt it, it makes the ſame 
reſiſtance as if it had one degree of motion, and 
ſhould meet a reſiſting impediment, and by that 
ſtroke ſhould loſe all it's motion. But this force 
is always preſent with bodies, whether they are 
at reſt or in motion; as we have ſeen in F. 53. 
And therefore 1t 1s not the force of reſt, for then 
it would be only in reſting bodies. Wherefore reſt 
is nothing but a privation of motion. For if from 
the moved body we conceive all motion to be ta- 
ken away in a moment; without any thing elſe 
the body will reſt. | 5 

$. 108. In abſolute reſt there are no degrees. 
For becauſe the body is at reſt, it reſts ſimply, 
that is, never more or leſs. 

§. 109. A body free and at reſt of itſelf never 
begins to move, except ſome obſtacles are taken 
away, or ſome cauſes are added. For let the body 
A be ſet upon a table, it will always be at reſt, 
unleſs the table that ſupports it is taken away, or 


ſome other moving cauſe ſhould act. 


§. 110. 
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$. 110. A moved body 1s transferred from 
one part of ſpace into another. This tranſla- 
tion is a real effect, which requires a real cauſe in 
the body. This mult be ſome force moving the 
body. This paſſes from one body into another. 
It penetrates from the external to the internal parts 
of the body, not through it's pores, but through 
the ſolid ſubſtance itſelf, and is received into eve- 

atom, though otherwiſe immutable, in quan- 
tities infinitely diverſified from one another. 

$. 111. Now we may conclude that force paſſes 
from body to body, becauſe whatever force 1s loſt 
by one, juſt ſo much is gained by the other body. 


Secondly, becauſe our minds have a power of | 


exciting force, which paſſes into the nerves and 
muſcles of our own bodies, and then into ſuch 
bodies without us that we deſire to move. And 
hence it is that we are tired, after we have exerted 
and communicated a great quantity of force. Some 
have imagined, that force is infuſed into body in 


an infinite quantity, impelling it every way, but | 


by the colliſion of bodies it is directed a certain 
way, by which means the body is moved. But this 
is a meer hypotheſis, and confirmed by no demon- 


ſtration. Nor can it be underſtood, what there is 
in one body, which without going out of it, can | 


determine the direction of the force in the other. 


$. 112. Is force therefore an ens phyficum ? Or 
a ſubſtance of it's own kind? Or is it an idea firſt F 
roduced in an intelligent mind, then communi- | 


cated to bodies, and paſſing out of one into ano- 


ther ? None of all theſe can be demonſtrated. It F 
is better to acknowledge our ignorance, and that 


the mind is not capacitated to form a clear 1dea 


of it. But the effects of theſe forces, and the 
laws of motion, may be diſcovered by obſerva- Þ 


tion, which is ſufficient for the purpoſes of man- 


kind. §. 113. Þ © 


in the moveable ſtone. 


Which it is not. | 
For if it is moved in the place in which it is, it 
would go out of that place. Nor can it be moy- 

ed in a place in which it is not, for it is not yet 
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$. 113. Though true and abſolute motion re- 


- quires that forces ſhould be impreſſed upon the 
bodies moving, yet relative motion may be ge- 
nerated and changed without force impreſſed im- 


mediately upon the body. It is enough if it be 
impreſſed upon ſuch other bodies, to which the 
relation is made, that by their motion that re- 


lation may be changed, in which the relative 


reſt or motion of the other conſiſts. 

$ 114. Hence therefore ſome Philoſophers have 
loſt their labour, endeavouring to prove there is 
no ſuch thing as motion, by uſing ſuch ſophiſtical 
arguments as theſe. Firſt, if there were motion, 


it muſt be either in the moving thing, or in the 
thing to be moved, or in both. 


moving thing, for when a ſtone is thrown, motion 
cannot be ſaid to be in the cauſe projecting, but 
Neither is it in the ſtone 
to be moved, for motion is an exiſting action in 
the agent. Therefore there will be no motion at 
all. But we anſwer; if a ſtone be carried round 
in a ſling, the motion is in it, and in the ſling 
moving it. But the ſtone being diſcharged from 
the ſling, the motion paſſes out of the ſling into 
the ſtone, and is therefore then in the thing to be 
moved ; nor is the ſling any longer an acting cauſe. 

Secondly, Diodorus Cronus oppoſed the doctrine 
of motion by the following argument. A body 
is moved either in the place in which it is, or in 
But neither of theſe is poſlible. 


in it. Therefore it can never be moved at all. 
We may anſwer, a body is not moved when 


it continues in a place, but when it paſſes out of 


one place into another, by F. 104. and obſerva- 


tion ſufficiently ſhews this can be done. But 


It is not in the 
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But thirdly, that ſophiſm of Zeno is ſtill more 
ſubtil, which he called by the name of Achilles. 


In this he ſuppoſes Achilles to be a mile diſtant | f 


from a ſnail, and that both moved the ſame way; 
and that Achilles was 100 times ſwifter than the 


ſnail. When he had finiſhed his mile, the ſnail | 


would be +: of a mile before him: ; and when 
Achilles had diſpatched this +5 part, the ſnail 


would have advanced +; part of a mile; which 


when Achilles had paſſed over, the ſnail would have | 
been before him ſtill -+;3;35 part; and fo | 


on for ever, ſo that Achilles would never over- 
take the ſnail, Now though we ſhould grant, 


that Achilles would never pals by the ſnail, yet it 
would not follow that there would be no motion; | 


for each of them however would approach nearer 


and nearer to the other. But we deny that A. 
chilles would never paſs by the ſnail, ſince it is“ 


certain they would be together, when Achilles 


had moved 1 - of a mile. For the infinite ſeries | 


Dee Trees roo, &c which expreſſes the 


whole diſtance deſcribed by the ſnail, is equal 
to g of a mile. 


$. 115. Every motion, though ever ſo ſwift, is 
performed in time, nor can there be any motion 


in an inſtant. For that the body A may deſcribe 
the line AB, while it is transferred from A to C, 


time will run on; as alſo while it is moved from 


C to D, and from D to E, and from E to F, and 
from F to B. 
F. 116. A body is uſed to be conceived as 4 
int. This when it is moved deſcribes a line, 
which will be a right line if the motion of the point 


is ſimple. Therefore a body going on with a fim- i 


ple motion will move in a right line, as long as 


that motion continues. Such a ſimple motion is | 


commonly produced by one power, If a body in 
; | vacu 
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vacuo is carried on by a ſimple motion, it would 


always continue it's motion in a right line; be- 
cauſe in a vacuum there are no cauſes, or we con- 


ceive none, which can divert the body from the 
courſe it has once begun. Though a body car- 


| ried on by a ſimple motion is moved in a right 


line; yet it muſt not thence be concluded, that 
a body moving in a right line is always carried on 
by a ſimple motion. For we ſhall ſhow in Chap. 
10. that a body with a very compound motion 
may often move in a right line. 

F. 117. Simple motion by ſome Philoſophers 
is divided into direct and reflectec! motion. Di- 
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rect motion is when the body A paſſes towards D. Tab. 1. 


ſed to D, it returns again from D to A. Others 


have added refradted motion; but without doubt 
this is a compounded motion. 


§. 118. The line deſcribed by the moving bo- 


quy is alſo called the ſpace paſſed over by the body. 


§. 119. The direction is a light line which is 
conceived to be drawn from the body towards 
thoſe parts to which the body tends, or in Which 
it would move if it ſhould proceed. 

F. 120 If a body moves by a ſimple motion, 
and is not conſidered as a point, and it it's parts 
abſolutely cohere ; ; it's motion will be equally diſ- 
tributed 1nto all it's parts. 

$. 121, Wherefore the whole quantity of mo- 
tion may be conceived alice diviſible as the body, 
and in every part of the body it will be proportional 


to the magnitude of that part. 


§. 122. Therefore the quantity of motion will de- 
pend upon all the parts of the body that are moved 


together, as far as they conſpire to the ſame mo- 
tion. Alſo the quantity of motion will depend on 
the celerity with which the body is moved. So 


Vol. J. F that 


|  Reflefted motion is when after the body A has pal- Fig. 7. 
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that the whole quantity of motion will be in a 
ratio compounded of the magnitude of the body, 
and it's velocity. But it is better in Phyſicks to 
conſider the quantity of forces than of motion. 

$. 123. If the body A being moved paſſes 
through the ſame ſpace in leſs time than the body 
B, A is ſaid to move fwifter, and B ſlower. 

$. 124. Therefore that affection of a moveable 
thing, by which it paſſes through a given ſpace 
in a given time, is called celerity or velocity. There 
can be no motion without celerity; and this is 
diſcovered by attending to the time, and to the 
ſpace deſcribed in 1t. | | 

$. 125. If the velocity continues the ſame, the 
ſpace deſcribed is increaſed as the rate of the time. 
Wherefore if the celerity of the body be multipli- 
ed by the time of the motion, we ſhall have the 
ſpace deſcribed by the body. And therefore if 
the ſpace deſcribed be divided by the time in which 


it 1s deſcribed, the velocity will be known. And 


if the ſpace deſcribed be divided by the velocity, 
the time will be known. 

$. 126. Velocity is a certain magnitude, for it 
may be made greater or leſſer, and receive infinite 


degrees. For the body A may deſcribe the ſpace 


of one foot in an hour, or in A of that time, or 
in 5555 part of the ſame time, &c. And then the 
laſt velocity is 3600 times greater than the firſt; 
and the ſecond exceeds the firſt ſixty times. 

$. 127. Becauſe velocities are magnitudes, they 
may be repreſented by the help of right lines. 
For theſe may expreſs magnitudes in the ſame 
manner as numbers. x 

F. 128. The ſwifter a body is moved, the 
ſhorter will be the time in which the ſame ſpace is 
deſcribed, and on the contrary, the ſlower it 1 


moved, ſo much the more time will be required 
| ; to 
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to deſcribe the ſame ſpace. Therefore in deſcrib- 
ing the ſame ſpace, the velocities will be in an 
inverſe ratio of the times. | 

8 129. If a body moves with a ſimple motion 
in vacuo, it will for ever move with the ſame ve- 
locity, and according to the fame direction in 


which it firſt began to move. And in equal times 


it will deſcribe equal ſpaces. 

For by the force of inactivity a body perſeveres 
in that ſtate in which it was put; and becauſe in 
vacuo there is no cauſe ſuppoſed to act upon the 
body, it mult neceſſarily move with the . Ve- 
locity and direction with which it began: by F. 
110 and F. 129. Hence Newtor's firſt law of mo- 
tion is evident, Every body perſeveres in it's fate 
of reſt, or of moving uniformly and directly, except ſo 
far as it is compelled to change that ſlate by impreſſed 


forces. 


$. 130. The motion before deſcribed is called e- 
guable motion. This motion is the proper meaſure of 
celerity. For that a quantity may be found which 
is proportional to celerity, a ſpace muſt be exhi- 
bited, which a body would deſcribe in a given 
time, if it were moved with an equable velocity. 

$. 131. If to a body ſo moving, a new motion 
ſhould be added in the fame direction, the body 
would be carried ſwifter, and would deſcribe a 
greater ſpace than before in an equal time. Then 
the increment of the ſpace would be proportional 
to the increment of the velocity. This motion 
is called accelerated. 

$. 132. If from the body moving as in 6. 
129, ſome of it's motion be taken away in the 
{ame direction, it will move flower, and will de- 
ſcribe a leſs ſpace than before in an equal time. 
Then the decrement of the ſpace will be as the ve- 
locity taken away. This motion is called retarded. 


F 2 §. 133. 
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$. 133. When to the body moved as in F. 129 


in equal times there are equal increments of vole : 


city, it is called a motion equably accelerated. 

d 134. When from a body moved as in F. 129. 
in equal times an equal quantity of velocity is ta- 
ken, it is called a motion equably retarded. 

$. 135. Conſpiring motions are thoſe, whoſe di- 
rections are the ſame, or at leaſt parallel, and 
therefore which tend the ſame wa 

$. 136. Motions are faid to be contrary, or di- 
rectly oppoſite, whoſe directions are indeed the 
ſame, or at leaſt parallel, but tend contrary ways, 


$. 137. In comparing the motions of two dit- 
ferent moving bodies, the following concluſions 


will take place. 
It the velocities of the two bodies are equal, the 


ſpaces deſcribed will be in proportion to the times. 
Therefore calling the two velocities V and v, and 


the ſpaces S and s, and the times T and t, re- 
ſpectively; it will be S. s:: T. t. 


§. 138. If the velocities of the two bodies are 
unequal, and the times equal; the ſpaces deſcrib 


ed will be as the velocities; or S. S:: V. v. 


$. 139. Wherefore putting the velocities and 
times unequal, the ſpaces deſcribed will be ina 
ratio compounded of the ratios of the velocitics 


and times; or they are as the products, when the 


times _ velocities are multiphed TORT + £ that 


n 


F. 1 Therefore the ratio of the times 5 
compounded of the direct ratio of the ſpaces, and 
the reciprocal ratio of the velocities. For ſince 
Svt=sVT, it will be T. t:: S v. s V. And 
thence alſs V. v:: St. 8 T. Or the velocitis 


will be in a direct ratio of the ſpaces, compound: 
ed with a reciprocal ratio of the times. 


§. 141 
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$. 141. Relative velocity is that, by which two i 
bodies recede from each other, | 
$. 142. Ifa body moves in the right line AL, ar 1. ( 


| and another m the right line A M, and both be- is 12 | 


gin to move at the ſame time from the ſame point | 


A, and at the ſame moment arrive at the points 


M and L; the relative velocity of the body moy- 
ing in A L, will be to it's abſolute motion, as 


ML to AL. And the relative velocity of the body 

moving in AM, will be to it's abſolute motion, | 

as ML to A M. | 
For ſince the bodies are in the two points Mand IL, 

they will be diſtant from one another by the line 

ML. which therefore will expreſs the relative ve- 

locity. So that this velocity is to the abſolute mo- 

tion of the body deſcribing the line AL, as ML 

to AL. And in like manner for the other body, 

the relative velocity will be to the abſolute, as LM 

to AM. This proportion will always be the 

ſame; for the directions of each body being pro- 

duced, let there be taken m |! parallel to ML, 

and both the bodies will be together in J and m. 

But it is m l. ML:: AJ. AL, and therefore the 

ſame proportion will always obtain between the 


relative and abſolute velocities. 


$. 143. But if two bodies B and A depart from Teh. 1 


different points B and A, B with the velocity and Fig 


direction B M. A with the velocity and direction 

AL; the relative velocity of the boly A will be 

to it's abſolute velocity, as AN to AL. | 
For becaule they arrive together at M and I., 


| let theſe points be joined by the right line MI, 
and upon BM, ML let the parallelogram BMINI. 


be conſtructed, and draw AN. Now let us ſup-, 


| Pole both the bodies to move upon the plane 


BMNL,, which at the ſame time moves forwards 


wen the dir rection and velocity MB. Therefore 


Fx when 
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when the bodies have deſcribed their lines B M, 
AL, they will be found in the points B and 
N. Therefore the relative velocity of the body 
A was A N, whereas it's abſolute velocity was 
as AL. But that which was in the body B was 
as LN = BM. + 

$. 144. If we conſider all the greater bodies 
which compoſe this univerſe, they may all be ob- 
ferved to move with a rapid motion; as may a 
pear from the primary planets moving about their 
own axis, as alſo about the ſun ; and likewiſe from 


the ſecondary planets moving about their primary 


planets, and together with them performing their 
reſpective courſes. The comets are moved with 
a ſwift motion, nor do the fixed ſtars themſelves 
ſeem to be abſolutely at reſt. Therefore whatever 
exiſts in the univerſe can by no means be ſaid to 
be at reſt. 

$. 145. The motion of the greater bodies F. 
144. is perpetual, At firſt it derived it's cauſe 
from God, who when he had created all things, 
and placed them in order, moved them with a 
moſt violent projectile force. 

$. 146. Another cauſe of motion, and which 
is common to all the bodies of our planetary ſyſ- 
tem, 1s their gravity, which produces motion as 
well in the celeſtial as the terreſtrial bodies. 

$. 147. A third moving cauſe ſeems to conſiſt 
in the faculties of the ſouls both of men and brutes. 
For motion 1s excited in a free animal, by the 
power of it's mind willing it, in the fluids of an 
animal body, and thence 1s communicated to the 
ſolids, with ſuch a velocity as is required, 

$. 148. A fourth cauſe of motion is attractive 


force, magnetick force, electrick force; which 


three forces differ from one another. 


§. 149. 
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$. 149. A fifth cauſe is elaſticity, which often 
generates motion; as may be ſeen in a muſical 
ſtring, which 1s ſtretched and ſtruck, and then 
preſerves it's vibrating motion a long time. 

$. 150. A ſixth moving cauſe is a body alrea- 
dy in motion, impinging againſt another body, 
and violently ſtriking it. 

$. 151. A ſeventh cauſe is fire, as well earthly 
as that of the ſun. 

Nor do I doubt but there may be ſeveral others 
as yet unknown; and perhaps as long as we live 
we ſhall not difcover all the cauſes of motion, 


nor is God obliged to reveal them to mankind. 


$. 152. Now by which ſoever of theſe ſeven 
cauſes motion is produced, it ſeems to obſerve the 
ſame laws, as if it had taken it's original either 
from a body preſſing, or from a body ſtriking : 
{o that whoever ſhall explain the laws of preſſure 
and percuſſion, may be eſteemed to treat of the 
laws of thoſe other cauſes, as to their effects; till 
the laws of motion, which thoſe cauſes obſerve, 


| ſhall be more fully diſcovered. 


HAAR 
Concerning preſſing Powers. 


9. 153. A Prefſins power is the force of a body 

acting upon another body which it 

touches, and moving it out of it's place, or at leaſt 
endeavouring to move it. 

$. 154. Theſe powers either continue at reſt, 

together with the body upon which they act, or are 

moved together with it, yet in ſuch a manner, 


that as long as they are united, in that reſpect they 


are not moved, 


F 4 §. 155. 
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$. 155. Theſe powers preſſing and being at 
reſt, are firſt living men, or other animals, preſſing 
other bodies with their hands, feet, or with their 
whole bodies, endeavouring to move them out of 
their places. Secondly the gravity of a body, 
which preſſes one to another that ſuſtains it. 
Thirdly the elaſtick force of a compreſſed ſpring, 
which 1s placed between two other bodies, and 
endeavours to reſtore itſelf. For a ſpring preſ- 
ſes the bodies by which it is reſtrained. Fourthly 
attractive or magnetick force, which preſſes bodies 
to each other in the ſame manner, as if they were 
ſqueezed together by two hands preſſing contrary 
to one another. By ſuch powers as theſe 1s pro- 
duced an action in a place. ln 

$. 156. But the preſſing power may move out 
of it's place, whilſt it yet remains applied to the 
body which it preſſes, and which is moved along 
with it. As if I ſhould preſs a weight with my 
hand, that lies upon a table, to the diſtance of 
ten inches. Or as if a weight ſhould deſcend 
which lies upon a yielding table, together with 
tne table that gives way. Or as a weight hang- 


ing in a ſcale deſcends along with it, by the vi- 


brations of the balance. Or as a ſpring wound up 
reſtores itſelf, removing the two obſtacles which 


reſtrain it, which it continues to preſs while it is 
reſtored. Or as a body tied to another, and driven 


by a centrifugal force, draws it to itſelf ; or when 


it urges another body, which either cannot recede 
from the center, or withdraws from it by a leſſer 


force. 

§. 157. We call that an ob&acle, whatever re- 
ſiſts the action of the preſſing power. 

§. 158. The effect of a preſſing power upon an 
obſtacle, is it's removal from one place to another, 


if the obſtacle can be moved by the power. 


§. 139. 
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$. 159. Whether a power preſſing againſt an 


| obſtacle can move it or not, when it preſſes there 


is always a reſiſtance, or repreſſion, ſo that no 


body can ever act upon another, but there will be 


reaction. If we preſs a table with our hand, whe- 
ther it be moved or not, it preſſes our hand again, 


and this repreſſion will be juſt the ſame, as if ano- 


ther perſon had as much preſſed our hand with 
his own. We preſs the ground with our feet, 
which by reſiſting repreſſes; and if it did not re- 
ſiſt, that is, if it were ſoft, we ſhould ſo far ſink 
into it, till the reſiſtance were equal to the preſ- 
ſure. 

$. 160. The action of the preſſing power is 
momentaneous. If it were continuous, or ſhould 
perſiſt for ſome finite time, it would be com- 
pounded of preſſures following one another, each 
of which have acted for an infinitely little time, 
and have ſucceeded one another ; juſt as the mo- 
ments of time ſucceeded one another, by an uninter- 
rupted flux. Therefore the ſimple effect of a 
preſſing power depends upon it's momentaneous 
action, as the continued effect depends upon the 
continued action of the power. But here I ſhall 
only treat of the momentaneous action of the 
power. 
* I. 161. If a preſſing power moves an obſtacle, 
it's action may be different, as well in reſpect of 
the greatneſs of the obſtacle moved, as of the 
velocity with which it moves. Wherefore the 


whole action of the power is known, from the 


magnitude and velocity of the obſtacle. 
F. 162, Since in one preſſing power nothing 


abſolutely great can be known; two muſt be 
compared together, which act upon obſtacles 


either equal or unequal, and move them either 
with like or unlike velocities. 


§. 163. 
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§. 163. If two preſſing powers move two equal 
obſtacles with equal velocities reſpectively, their 
actions will be equal. 

$. 164. If two preſſing powers move unequal 
obſtacles with the ſame velocity, their actions will 
be as the magnitudes of the obſtacles. Let the 
powers be called P and p, and the obſtacles O 
and o; then P. p:: O. o. 

$. 165. If there are two preſſing powers, and 
two equal obftacles, one of which is moved with 
a velocity greater or leſs thah the other; the 
actions of the ers will be as the velocities of 
the obſtacles. Or it will be P. p:: C. c; if 
the velocities are repreſented by C and c. 

$. 166. Therefore if two unequal obſtacles 
are moved with two unequal velocities, the actions 
of the powers will be in a ratio compounded of 
the velocities and the magnitude of the obſtacles. 
Or P. p:: OC. oc. | 

$. 167. If the actions of the powers are equal, 


and the obſtacles unequal, the magnitudes of the 


obſtacles will be in an inverſe ratio of the veloci- 
ties. And always when the magnitudes of the 
obſtacles ſhall be as the velocities reciprocally, the 
powers will be equal. For ſince P= p, it will 
be OC= oc, and therefore O. o:: c. C. 

$. 168. And if the actions of the powers are 
divided by the magnitudes of the obſtacles, their 
celerities will be known. If they are divided by 


the celerities, the magnitudes of the obſtacles 


will be had. | 


For ſince the action of the power is equal to 


| OC 
OC, it will be * =C, and 7 = 
$. 169. If two powers of equal efficacy prels 
directly oppoſite to one another, there will be an 


equilibrium between them, and they will remain 
in 
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in the ſame place, their preſſures deſtroying each 


- other, as long as the powers ſhall preſs. And 


thus an infinite quantity of power, preſſure, and 
action, is loſt in nature, as evidently appears in 


all kinds of conflicts or ſtruggles that are mutual- 


ly equipollent. 

$. 170. If the obſtacle be ſo great, that it can- 
not be moved by the preſſing force, the obſtacle 
does the ſame thing as a power would do, acting 
with an oppoſite direction, as in $. 169. And 
therefore by this means the efficacy or action of 
the preſſing power is deſtroyed. | 

$. 171. Powers preſſing againſt one another 
with a contrary direction are to one another as 
obſtacles; wherefore their actions may be con- 
ceived as obſtacles, which would be moved with 


ſome celerity, if they were left to act by themſelves. 


$. 172. Therefore the actions of two unequal 
powers, which preſs one another with an oppoſite 


direction, may be equal, if the magnitudes of 


the powers are in a reciprocal ratio of their velo- 


cities, which would have been produced if they 


had been left to act freely of themſelves. 

For the actions of the powers may be expreſſed 
by OC and oc. Since therefore OC = oc, it 
will be O. o:: c. C. From whence it appears, 
how two powers, preſſing with oppoſite force, 
may be in equilibrium to each other; or according 


to F. 169, or 172. 


$. 173. If two powers preſs one another with 


an oppoſite direction, and one prevails over the 


other, they will have unequal actions ; that which 
prevails will have the greater, and the other leſs. 


But two of the actions will be deſtroyed, each of 


which is equal to the leſs. Therefore the weaker 


power will be urged backwards by the exceſs of 


power in the ſtronger. 


CHAP, 
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R 
Of the Force of Bodies in Motion. 


& 174. ACSI controverſy has aroſe a- 

mong Philoſophers, how the forces 
of bodies in motion are to be eſtimated. Mer ſennus 
ſeems to have been one of the firſt, who has en- 
deavoured to decide this diſpute by experiment, 
by letting fall a heavy body from ſeveral heights, 
into the ſcale of a balance, and by help of an 
equipoiſe hung at the other end, to find the quan- 
tity of the ſtroke. His opinion has been followed 
by Gaſſendus, Ricciolus, de Lanis, and moſt of the 
moderns, maintaining, that the forces of moving bo- 
dies are in a ratio compounded of their velocity and 
weight. Although Rzcc:olus ought to have formed 
another concluſion, from another experiment. For 
he ſtuck a ſtyle or pin in a maſs of butter, upon 


which he let fall a wooden ball from ſeveral 


heights, in order to obſerve, how much the ſtyle 
would be drove into the butter at every trial. 


Wherefore Mr. Leibnitz, ſuſpecting by his great 


ſagacity, that ſome error was here concealed, 
thought fit to recal this poſition to a farther ex- 
amination, and therefore diſtinguiſhed forces by 
the names of dead and living forces. Thoſe he 
calls dead which others call preſſures, and living 
forces are the vires inſitæ, or the forces of moving 
bodies. Dead forces he holds to be in the ratio 
of the weight and velocity; but living ones are in 
the ratio of the weight and the ſquare of the ve- 
locity. This laſt opinion was afterwards em- 
braced by Hugens, Bernoulli, Herman, Woljivs, 
Polenus, Richterus, Graveſand. But the former 
opinion has been defended by acute n 

anc 
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and by arguments of great weight, by Philoſo- 
phers of great ingenuity and excellent learning, 
Dr. Deſaguliers, Mairan, and others. As there- 


fore very great men have diſagreed in this poſi- 


tion, which is the very foundation of all Phyſicks, 
we muſt proceed here with the utmoſt caution. 

$. 175. If a body at reſt, placed freely in a 
vacuum, without any reſiſting obſtacle, were 
preſſed according to a certain direction ; the body 
will move in this direction, and always with that 
velocity which it ſhall receive from the preſſure. 

$. 176. If the preſſing power is of fach a na- 
ture, that it can continue it's preſſure according to 
the ſame direction, the velocity of the body will 
increaſe ; ſo that from reſt it paſſes through va- 


rious degrees of celerity, to that which it ulti- 


mately acquires. 

6. 177. body thus moved by the preſſing 
power, reacts by it's force of inactivity; ſo that 
a force muſt be generated by this ſtruggle, or it 
paſſes from the power into the body. 

$. 178. Therefore the force will be the effect 


either of the momentaneous preſſure, or of many 


preſſures, which ſucceeded one another in a limit- 
ed time. | 

F. 179. Therefore the force thus produced in 
the body is ſomething that continues, the preſſure 


itſelf ceaſing which produced the force. 


$. 180. Every preſſing power, as alſo it's whole 
action, is of a determinate magnitude, and there- 
fore it will excite in the body only a determinate 
velocity, and living force: if the power were 
placed without the body, and ſhould continue in 
the ſame condition, it cannot preſs the body al- 
ready in motion in the ſame direction, fince by 
exerting itſelf it only produced that velocity, 
with which the body now actually moves. For 
2 | tet 
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Tab. 1. 
Fig. 19. 


Tab. 1. 
Fig. 20. 
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let there be a firm obſtacle AS, a body that can 
move freely F, and a ſpring BC, which at firſt 
is wound up. Then being let looſe, by exerting 
itſelf with a certain velocity into the ſituation BC, 
it preſſes the body F. This velocity being re- 
ceived, if now we ſuppoſe it to be again placed 
in B, and the ſpring wound up as before to ſtretch 
itſelf again; it cannot preſs the body F, becauſe 
the ſpring unwinds itſelf from B to C only with 
the ſame velocity with which the body already 
moved from B to C. Or let there be a man, 
who preſſes with his hand a ball freely placed at 
F, ſo that it may move with the ſame velocity 
BC, with which he moves his hand. If then we 
conceive in our minds, the ball having acquired 
this velacity to be near the hand B, which exerts 
itſelf as before, it will not be able to reach the 
ball F, becauſe it is moved with the ſame velo- 
city as the hand itſelf. 

$. 181. But if the ſame external preſſing power 
be ſuppoſed in ſuch a condition, that the body 
in reſpect of it may be at reſt, as in the caſe of 
$. 175. this may act upon the body as before, and 
therefore communicate the ſame celerity to it as 
it had done before. Wherefore it will be neceſſary, 
that a ſecond power ſhould be preſent, which 
may move the firſt power with the ſame celerity, 
with which the body was moved aſter the firſt 
preſſure. | 

Let there be an immoveable obſtacle A'S, and 
two equal ſprings DB, BC, and the body F. 
'The ſpring DB being wound up, by relaxing 
itſelf may move the ſpring BC, wound up, with 
ſuch a velocity, with which the body F is ſup- 
poſed to be moved, Then the body F is at relt 
in reſpect of the ſpring BC. Wherefore the body 
F may be preſſed as before, by this ſpring exert- 

2. 
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ing itſelf, and therefore may have a ſecond degree 
of velocity communicated to it. 

$. 182. Now the body F cannot be preſſed any 
more in the ſame direction, by the nine oh of the 
two powers DB, BC, ſince it is already moved 
with the ſame velocity, with which the twa 
powers had exerted themſelves. Therefore that 
the body may be urged by a third degree of velo- 
city, it will be neceſſary, that a new power be 
added, cauſing the ball F to reſt in reſpect of the 
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power BC, For then BC may act by preſſure, Tab. 1. 
as in the firſt caſe. This will be effected, if the Fig. 21. 


two powers E D, DB, move BC with the ſame 
velocity, wherewith the ball F is moved. 

$. 183. Therefore the body will be endued 
with ſuch a degree of velocity, as is the reſult of 
the number of external powers conſpiring toge- 
ther. | 

$. 184. Therefore very many external powers 
may be required at the ſame time, ſo that a mov- 
ing body may acquire a new degree of velocity. 
For if the body is already moved with 100 degrees 
of velocity, that it may be affected by a new ve- 
locity, not one power 1s required, but that 101 
powers may act together, and aſſiſt one another. 

y. 185. Therefore a body moved is accelerated 
with greater difficulty, than from reſt it 1s put 
into motion : ſince 1t may be moved by one pow- 
er preſſing from without, but not accelerated by 
the ſame. | 


$. 186, Ard the accelerating powers muſt be 
in the ratio of the celerity. | 


$. 187. And therefore the body reſiſts the ac- 


Celeration in the ratio of it's velocity. 


F. 188. But becauſe the force paſſes into the 
body from the preſſing power, by F. 177. a force 
will always be generated in the moving body, 

which 
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which 1s as the number of powers that communi- 
cate any velocity to 1t. 

$. 189. If the preſſing powers (from F. 180 to 
181.) aſſiſting one another ſhall] be equal, and 
applied ſucceſſively, there ſhall be equal degrees 
of acceleration in the body in equal times, 

§. 190. The forces in a moved body are in a 
duplicate ratio of the velocity with which it moves. 

Let there be formed a right-angled triangle 
ABC, in the fide of which AB let there be taken 
the infinitely little and equal parts AD, DF, FH, 
Sc. which may repreſent the degrees of velocity; 
as AD the firſt, DF the ſecond, FH the third. 
Let DE be drawn parallel to the baſe BC, which 
may denote the power communicating the firſt 
degree of velocity AD. Then FG parallel to the 
baſe, which being as big again as DE, will re- 
preſent two powers, which communicate to the 
body the ſecond degree of velocity DF. So HI 
parallel to the baſe, and three times as big as DE, 
repreſents three powers, which contribute to the 
body the third velocity FH. And ſo the other 
lines parallel to the baſe, which exhibit powers, 
will give to the body a degree of velocity, to 
which they anſwer in the line AB. But all the 
right lines DE, FG, HI, being infinitely near 
to each other, will complete the whole triangle 
ABC, according to Cavalerius's doctrine of indi- 
viſibles. Therefore this triangle will repreſent 
the ſum of the powers, that move the body, 
from reſt to the ultimate velocity RB. Hence 


the ſum of the powers that move the body from 


reſt to the velocity FH, will be to the ſum of 
the powers that move the body from reſt to the 
velocity RB, as the triangle AHI is to the 
triangle ABC. But theſe two triangles are ſimi- 


lar, and therefore in a duplicate ratio of the _ 
AH, 
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£ AH, AB, repreſenting the velocities. So that 


the powers, which excite in the body the velocities 
AH, AB, are in a duplicate ratio of thoſe ve- 
locities. But as is the number of powers acting 
upon the body, ſo is the force produced in the body, 
by F. 188. Therefore the forces in the moving bo- 
dy are in a duplicate ratio of the velocities. 

That excellent Mathematician John Bernoulli 
has proved the ſame thing by another demonſtra- 


tion. Let there be two unequal bodies A, B; Tab. 2. 
between which let there be a ſeries of ſprings, Fig. 13. 


which being firſt wound up, then reſtore them- 
ſelves, and procure that velocity to the bodies, 
with which they proceed afterwards. "Theſe 
bodies at every moment are equally preſſed, ſo 
that the increment of velocity in A will be to 
that in B, reciprocally as the magnitude of B is 
to that of A. The reſtitution of the ſprings 
being performed, the whole velocities will be as 
their increments. Let the velocity of A be called 
a, and that of B called b, it will be then 


A. B:: b. a, and therefore Aa = Bb. Becauſe 


the preſſures, which act upon theſe bodies, begin 
and end at the ſame time, their times will be 
equal. Alſo their center of gravity C will con- 
tinue at reſt, and it will be CA to CB, ſo is a to b. 


This point C will be as a firm obſtacle, which is 


equally preſſed by the ſprings on both ſides. 
Wherefore the ſprings impart their forces to the 


bodies A and B, which will be in the ratio of 
their numbers, or as a to b. Therefore let the 
forces in A be called V, and thoſe in B be called 
Ev. Then it will be V. o: : a. b. But we 


found before Aa = Bb. But the foregoing quan- 


| tities, when multiplied by theſe, will keep the 
lame proportion; fo that it will be V. v:: 
Aa xa.Bbxb;:Aaa. Bbb. That is, the 

| forces will be in a ratio, which is compounded of 
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the magnitudes and the ſquares of their velocities. 

$. 191. In comparing the motions of two bo- 
dies, the following concluſions will obtain. If two 
equal bodies move with different velocities, their 
forces will be in a duplicate ratio of their velocities. 

$. 192. It their velocities are equal, and the 
bodies unequal, their forces will be in the ratio of 
their maſſes. 

$. 193. If both bodies being unequal ſhall 
move with unequal velocities, their forces will be 
in a ratio compounded of the ſimple ratio of their 
maſſes, and the ſquares of their velocities. 

$. 194. If two unequal bodies are moved with 
equal forces, their maſſes will be reciprocally as 
the ſquares of their velocities. For let the bodies 
be called A and B, and their velocities a and b 
reſpectively. Then their forces will be Aaa = 
Bbb; and therefore A. B:: bb. aa. 

Experience likewiſe agrees with this calcula- 
tion; whence it alſo follows, that the eſtimation 
of forces, according to Merſennus and the other 
Philoſophers, muſt be erroneous. For let there 
be a ſteel ſpring AB, joined to a hollow cylinder 
F, which is furniſhed with a tail C. This tall 15 


perforated by ſeveral holes, and paſſes through a 
{lit of a fixed plate DE, to which while the ſpring I 


AB is preſſed by force, it will be extended, and 
is held in that tenſion by a pin paſſing through 
one of the holes of the tail C. But the cylinder 
hangs freely by threads, like a pendulum, at 2 
ſtriking engine. The tail being let looſe, the 
cylinder F will be driven by the ſpring, endea- 
vouring to expand itſelf to the height of ſome 
degrees, which will ſhew it's velocity. Let theſe 
be 10, then. the force of this cylinder F will be 
100. Let the ſame cylinder be made heavier, a 
double weight being put into it, and let the 
ſpring AB be exactly ſtretched in the ſame 

2 | man- 
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manner as before ; the tail C being again ſet free, 
it will leap back to 7,07 degrees: for 100 forces 
are communicated to it now as before by the 


for one, which number in this expreſſes the ſquare 


of the velocity, whoſe root is 7,07. But if the 


forces were in the ratio of the velocity and maſs 
conjunctly, as according to the opinion of Mer- 


ſennus, they would be in the firſt caſe 10, which 


divided afterwards by 2, or by a body as heavy 


again, would give 5 degrees of velocity, contra- 
ry to the experiment: 
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$. 194. a. Although the ſpring A B ſhould not Tab. 2. 
reſtore itſelf in equal times in both the experi- Fig. 4. 


ments, yet no difference would ariſe from thence 


in the calculation. For let there be any ſpring 
AB, which is ſtretched as far as D; then being 


permitted to reſtore itſelf to it's priſtine ſtate, 
let it deſcribe the line DB, and in every point 


| of it's way DB it will have another force, the 


- greateſt in D, and the leaſt in B. Let the right 


ine DC, perpendicular to DB, expound the force 


of the ſpring in the point D, and let the right 
line CB be drawn; then every line in the tri 
angle DCB, which is parallel to DC, will expound 
the force of the ſpring in every point of it's way. 


Therefore the whole triangle DCB will expound 


the ſum of the forces, or the whole action of 
the ſpring. Therefore though the ſpring ſhould 


| deſcribe the way DB with different velocities, yet 


the Triangle DCB would always expound the 
whole action of the ſpring : ſo that it's effect muſt 


be the ſame, with whatſoever velocity it ſhould 


reſtore itſelf. 
F. 194. 6. Or this matter may be conſidered 


thus. The whole action of the ſpring is com- 
- poſed of the forces, which it exerts in every 


point of it's reſtitution ; as alſo of the celerity 
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with which it is reſtored ; and laſtly of the time 
of reſtitution, Let the force be called V, the ce- 
lerity C, and the time T: Then the whole action 
will be Vx Cx T. If now the ſame ſpring ſhould re- 
ſtore itſelf with a velocity as great again as before, 
it would perform theſame courſe in a time as ſhort 
again: Ihen it's whole action will be V x 2 Cx, T. 
But this product is equal to the former, and there- 
fore the action in each caſe will be the fame, 
Therefore the effect, which is proportional to the 
action, will be the ſame allo. 

F. 194. c. Suppoſing therefore a double force 
of a ſpring that reſtores itſelf in a double ſpace, 
it's action will be fourtold. For if the force in D 
be expounded by DE, which is double to DC, 
and the way DF is double to DB, the triangle 
DEF will expound the whole action of the ſpring, 
But the triangle DEF is four times the triangle 
DCB. If therefore a ſpring be diſtended by a 
weight as big again as before, it's firſt force will 
be DE, and alſo it deſcribes a way DF as long 
again as before, and therefore has a fourfold acti- 
on. Wherefore it will move the ſame body with 
twice the veloeity as before, and being preſſed with 
a treble weight, it will move the ſame body with 
a treble velocity, as we found by the experiments 
made with the cylinder ABF. 

§. 195. If the velocities of two bodies are in 
an inverſe ratio of their maſſes, the forces alſo 
will be reciprocally as the maſſes. 

For having the ſame names as before, let it 
be a. b:: B. A. It will beaA=bB. Hence 

aA xa. bBxb::a. rr 
and bB x b are the forces of the bodies, and there- 
fore theſe are as the maſſes reciprocally. 

$. 196. Thus we ſee how it is with external 
preſſing powers. But if the power is within the 
body, which preſſes it towards another body (as 4 
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magnet included in a wooden ball urges it towards 
ſome iron at a diſtance) then this power will com- 
municate to the body ſome velocity in a finite 
time. Now becauſe the power is conceived to be 


lodged in the body itſelf, it will be at reſt in re- 


ſpect of it, with whatever velocity the body is 
moved; and therefore in equal times it will al- 
ways excite equal degrees of velocity in the body. 
Wherefore the ſame effect will be excited in the 
body by this means with one power only, as will 
ariſe from many powers that preſs from without. 
And ſuch a power will produce a motion that is 
equably accelerated. 
FS. 197. From this cauſe in equal times unequal 
forces will be generated in the body. For ſince 
in the firſt time one velocity is produced from 
this cauſe, the generated force will be one. And 
ſince in two times two velocitics are generated, 
the forces in the body will be four, and therefore 
in the ſecond time three velocities are excited. In 
three times there will be three velocities in the 
body, and theretore nine forces. Hence in the 
third time alone five forces are produced. So that 
in equal times the forces increaſe as the odd num- 
ben , , 7; - 9s. We: 

$. 198. A body acted upon by ſuch an inter- 
nal power will defcribe ſpaces which will be as the 
ſquares of the times, or of the velocities. 


Let the line AB repreſent time divided into Tab. 2. 
equal but infinitely ſmall parts AD, DM, MN, Fig. 2. 


Sc. In D let the perpendicular DE be raiſed, 
denoting the velocity acquired in the time AD. 
If this velocity had always been equal, the ſpace 
deſcribed by the body would have been expounded 
by the rectangle ADES. Therefore at M let the 
perpendicular Mi be erected, as long again as 
DE. This will expound the velocity of the ſe— 

| G 2 cond 
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cond time, and the rectangle DMr# the ſpace 


deſcribed. Let the ſame thing be done for the 
following times, and ASDE, DMrs, MNtF, 
NOoG, OPpH, Sc. will exhibit the ſum of all 
the ſpaces. But becauſe by means of the power 
the body paſſes through all degrees of velocity, 
and the lines of the times being ſuppoſed infi- 
nitely little, the ſum of all the ſpaces will be 
equal to the right-angled triangle ABC. Now 
becauſe the triangle ANt is ſimilar to ABC, the 
ſpace deſcribed in a time as AN, which is equal 
to the triangle ANt, will be to the ſpace ABC, 
deſcribed in the time AB, in a duplicate ratio of 
AN to = or of Nt to BC, 

§. 19 . Alſo the ſpaces deſcribed in equal 
times will be as the odd numbers 1, 3, 5, 7, 9, &c. 
As the equal triangles drawn in the figure will 
ſhew clearly. 

$. 200. Therefore the ſpace deſcribed by a bo- 
dy ſo moved, and the forces generated in the ſame 
time, are in a ratio of equality, by F. 197. 

$. 201. If a body moved with a certain velo- 
city has acquired force, 1t may again be deprived 


of that force by the preſſure of an oppoſite di- 


rection, equal to that which communicated the 
force. 

For if a body C be moved by the ſprings BDC 
affixed to the obſtacle AS, and acquires two for- 
ces; with theſe let it meet the two ſprings EFG, 
fixed to the obſtacle XZ, which it will preſs with 
two forces. Hence theſe will be diſtended, till 
they ſhall exert an 5 prep preſſure of two forces, 
and then the forces of the moved body C will be 
extinguiſhed, 

§. 202. If therefore the oppoſite preſſure, up- 
on the acting body, is leſs than is required to 
produce an equal force latent in the body, it may 
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indeed take away ſome, put not all the force from 
the bod 

For if the oppoſite power can generate one force, 
and the body moves with 4 forces, after the oppo- 
ſite preſſure it will proceed to move with 3 forces. 

$ 203. Wherefore a power which has com- 
municated ſome degree of velocity to a body, 
requires an equa] power with an oppoſite direction, 
that the ſame degree of velocity may be extin- 
guiſhed in the body. 

F. 204. Whether the powers acting in a con— 


trary direction, upon a moving body, have acted 


a ſhorter or a longer time, a loſs of force in the 
body moved will always follow the force pro- 
duced by the oppoſite powers. 

$. 205. Becauſe the reſiſtances againſt the bo- 
dy moved are oppoſite to the power, the force 
will be ſo much the ſooner deſtroyed, as the 
reſiſtance is greater, and vice ver/a. But the effect 
will be the ſame; for if the body has 10 forces, 
the reſiſtance required to ſurmount theſe muſt be 
equal to 10. 

$. 206. If a body in motion by it's force ſhall 


act againſt a ſoft body, whoſe parts cohere toge- 


ther equably, while it ſeparates the parts from 
their mutual coherence, it ſuffers a reſiſtance 3 
and ſince the parts cohere equably, the reſiſtance 
will be as the number of the parts to be ſeparated. 
Wherefore the whole effect of the moved body 
will be as the cavity impreſſed in the ſoft body. 
This therefore will be the fame, whether it be 
performed quickly or ſlowly ; becauſe the fame 
forces are to be conſumed in ſeparating the parts 
of the ſoft body from one another. This is con- 
firmed by experience, by the help of a double 
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cone ABCD, let fall into ſoft clay. For it with Tab. 1. 
the ſame force it falls into the clay with it's ob- Fig. 23. 
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tuſe end, it will make a hole in it equal to that 
which it will make with it's acuter end CD, al- 
though the forces will be ſooner ſpent by the 


ſinking of the part AB, than of the part CD. 


$. 207. If in the body moved there be a power 
always repreſſing with a contrary direction, then 
in equal times equal decreaſcs of velocity will be 
given, and therefore that body will be moved by 
a motion equably retarded. For the power always 
acts as it would upon a body at reſt, and therefore 
will take away cqual degrees of velocity. 

§. 208. Therefore ſuch a power will not take 
away from the body equal forces in equal times, 
but unequal ones. For it the body begins to move 
with 10 velocities in the firſt time, in the ſecond 
it will proceed with 9 velocities, in the third 
time with 8; and ſo the decrements of force will 
be 100 — 81 = 19, then 81 — 64 = 17, 64— 


49 = 15, That is, as the odd numbers 19, 17, 


15, 13, 11, Cc. 
$. 209. And the like will obtain of the ſpaces 
deſcribed by the moved body. 


CAP: YI 


Concerning Gravity. 


$. 210. RAVITY 6 a force by which 
| earthly bodies, that are freely com- 
mitted to themſelves either in the open air or in 


vacuo, from reſt are carried downwards in a right 


line perpendicular to the earth's horizon. But when 
they are ſtopped, and do not ſlide, in the ſame 
perpendicular they preſs thoſe bodies by which 
they are ſtopped ; and endeavour to move down- 
wards themſelves and thoſe other bodies by this 
preſſure. Therefore the effect of gravity is ry 
| | fold, 
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* fold, either real motion or preſſure. Therefore 
* gravity may be conſidered as a power preſſing an 
* obſtacle. 
$. 211. Gravity multiplied into the number of 
rts that compoſe the body, conſtitutes e weight 


| of the body. Therefore the gravity of an element 


and it's weight are the ſame thing; but in a great 
body, compounded of many elements, the weight 
has relation to the number of the parts, and there- 
fore is the ſum of the gravities which are in all the 
arts. 

$. 212. All terreſtrial bodies hitherto known, 
as well the greater as the leſſer ſolids, as alſo all 
fluids, are indued with gravity ; even the air, ex- 
halations, and the thinneſt and moſt volatile va- 
pours, nor even fire and light are to be excepted. 
About the gravity of firm bodies nobody has any 
ſcruple, but about the gravity of ſubtile fluids Phi- 
loſophers are not agreed. But the exhalations of 
any terreſtrial bodies whatever, as alſo vapours, 
may be weighed by the ſcales. The weight of the 
air is exhibited to the eye. Many experimenters, 
following Boyle, have juſtly aſcribed weight to fire. 
Nor any known body has been yet obſerved that is 
without gravity. W hoever therefore denies univer- 
ſal gravity, it is incumbent upon him to produce a 
body not endued with gravity. Indeed the gra- 
vity of the ethereal matter is denied by it's pa- 
trons; but this matter is a mere chimera, the ex- 
iſtence of which nobody has demonſtrated, nor 
has been able to make it the leaſt probable by any 
ſolid argument; unleſs any one will ſuffer him- 
ſelf to be deluded by that kind of ſophiſm, which 
we call begging the queſtion. Becaule there is no 
vacuum, there muſt be a ſubtile matter. Then 
becauſe there is a ſubtile matter, there is no va- 
cuum. Then every one, by the ſtrength of his 
imagi- 
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imagination, aſſigns various properties at pleaſure 
to this ſubtile matter. Afterwards in this mat- 
ter, which is aſſumed by an hypotheſis, another 
hypotheſis 1 1s feigned, that 1t 1s without gravity. 
F. 213. Since therefore all bodies are heavy, 
there can be no ſuch thing as poſitive levity, by 
means of which, as a principle, bodies are carried 
upwards, and made to withdraw themſelves from 
the earth. Arifotle oppoſed this opinion, and it 
is alſo refuted by this argument. If wood ſunk 
under water or quickſilver, is committed to itſelf, 
it does indeed aſcend upwards, but it is driven by 
the greater gravity of the ambient fluid, not by 
it's own levity. For the ſame wood laid upon a 
plain dry ſuperficies, or upon a plain bottom ot a 
veſſel, although water is poured upon it, or mer- 
cury, yet it will not aſcend. Becauſe entrance be. 
ing denied to the liquors between the joints of 
the ſuperficies, their propulſion or elevation up- 
wards is hindred. But as the levity of this opti- 


nion is ſufficiently refuted by the Florentine Phi- 


loſophers, it does not need my diſcourſe any 
farther“. 

$. 214. Now whatever the bodies may be, 
whether they are great or ſmall, coherent or fluid 
of any kind, in Mr. Boyle's vacuum being let fall 
together from the ſame height, they always de- 
ſcend with the ſame velocity, and deſcribe the 


| ſame ſpace in the ſame time. That this would ob- 


tain in bodies was ſuſpected by Epicurus and Lycre- 
tins, and afterwards was confirmed by the obſervati 
ons of Galileus; for balls of gold, lead, copper, 
porphyry, being let fall through the air from the 
height of 100 cubits, together with a ball of wax ; at 

the end of the fall they did not get before this the 


* Tentam, Florent. p. 2. p. 69. » Mechan. Dialog. 1. 
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breadth of four fingers. Newton made an experi- 
ment of the ſame thing in vacuo , * when a lock 
of wool, a feather, and gold, fell from the ſame 
height in the ſame time. 

8. 215. Wherefore whatever corporeal thing is 
of the ſame magnitude, of whatever kind of bodies 
it may be, it will have the ſame gravity or weight 
in a vacuum, 

For theſe bodies are equal obſtacles, and be- 
cauſe they are moved with a like velocity, they 
will require equal powers, that is equal actions of 
gravity, by §. 163. which ſince they act upon 
equal bodies their weights will be equal. 

$. 216. Therefore the weights of bodies in va- 
cuo will be as the quantities of matter conſtituting 
thoſe weights. 

$. 217. As often as bodies of equal magnitude 
are endued with different weight in vacuo, the dif- 
ference of weight will depend on the pores; the 
quantity of all of which collected into a ſum will 
be greater in thoſe bodies that are leſs weighty, and 
leſs in more pondorous bodies. Now theſe pores 
will be void of matter. For if they were full, there 
would be the ſame quantity of matter in all bodies 
of an equal magnitude; and becauſe all are equal- 
ly heavy, by F. 214. there would be the {ame 
weight in bodies of equal magnitude. There- 
fore the different weight of equal bodies proves 
there is a great quantity of vacuum in nature. 

§. 218. If equal bodies, but of a different kind, 
endued with different weights, were let fall from 
a great height in the open air; the velocity gene- 
rated by gravity is not the ſame in all, but bodies 
which have more matter within their furface will 
deſcend ſwifteſt, and thoſe that contain leſs mat- 


2 Princ. Philoſ. p. 481. 
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ter will move much flower. This is proved by 
| the experiments of that excellent Philoſopher Dr. 
1! Deſaguliers, made in St. Paul's church at London, 
N by letting fall bodies from the height of 272 feet. 
I Hogs bladders formed into a ſpherical figure, and 
li ſo dried, were according to the following table. 
14 | 
1 Diameters. Weights in | Times of the falls 
1 Inches. | grains. in ſeconds, 
| A 148 1957 
i 3 5. 193 156 174 
| EC]. 5: 33. | 2137s 187 
D 5. 26 97s 227 

E | 5-2 99s J 277 


— 
2 — — — 


* The following ſpheres were made of paper. 


F 5. 5 1800 64 
't 6 | 5.1 1220 71 
'} H | 5. 1 1520 7 


The following ſpheres were made of glaſs. 


67 
6 


2610 , 
2910 


I 
K 


8. 42 
. 35 


| 

| This difference of velociry in deſcent does not 

| proceed from the nature of the body, but from 

il the reſiſting aerial medium, which retards thoſe 

i! bodies that have leſs weight more than thoſe which 
are heavier ; ſince becaule of the equality of their 
ſuperficies, the reſiſtance of the medium, through 

which they move, mult be equal. 

"1 F. 219. If we attend to theſe experiments, the 

error of Ariſtotle will appear, who has aſſerted, 


. ¹UwUww̃ — T coo . 
* * 


| | | 2 Galileus in Mechan. Dial. 1. 
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that moving bodies of different gravity, in the 
ſame medium, would move with velocities that 
are proportional to their weights. Nor do theſe 
experiments agree with thoſe which were made b 
Mr. Frenicle, * affirming that a globe of lead, and 
one of wood of the ſame bigneſs, being let fall 
from the equal height of 147 feet, fell together 
and in the fame time, and ſtruck a plate of braſs 
as it were with one blow. 

$. 220 But if the bodies were of the ſame fi- 
gure, magnitude, and weight, then of whatever 
kind the bodies may be, they will deſcend through 
the air with equal ſwiftneſs: which proves the 
force of gravity to be the ſame, in all corporeal 
particles; as we have affirmed in $. 215. Newton 
provided himſclt with two equal wooden boxes, 
one of which he filled with wood, and faſtened 
an equal weight of gold in the center of oſcil- 
lation of the other. 'The boxes being ſuſpended 
by equal threads, formed pendulums of eleven 
feet long near each other, and ſwung and re- 
turned again for a long while with equal vibra- 
tions. Wherefore the quantity of matter in the 
gold was to the quantity of matter in the wood, 
as the action of the moving forces upon all the 
gold, was to It's action upon all the wood, that is, 
as weight to weight. Afterwards inſtead of the 
gold he filled the boxes with ſilver, lead, glafs, 
ſand, common ſalt, wood, water, wheat, and al- 
ways with the ſame ſucceis in bodies of the ſame 
weight. A difference of matter, which was leſs 
than a thouſandth part of the whole matter, could 
eaſily have been perceived in theſe experiments. Þ 

§. 221. Wherefore the differences of ſolid and 
porous quantity may be diſcovered, in given bo- 


* Da Hamel hiſt. acad. Paris. I. 1 $ 5. cap. 3 
> Newton. ſyllem. mund. p 24. 
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dies of equal magnitude, firſt by their different 
weight in vacuo, and ſecondly from their differ- 
ent velocity with which they deſcend through 
the air. 

$. 222. The weights of different bodies, but 
of equal magnitude, compared with one another 
in vacuo, are called their ſpecifick weights. 

$. 223. From which is known the proportion 
of ſolid quantity in one body in reſpect of the ſame 
in another, For let a certain maſs of cork weigh 
one ounce, and an equal maſs of gold weigh 87 
ounces. Now becauſe whatever 1s corporeal weighs 
alike, the corporeal ſubſtance in the cork will be 
to the ſame in gold, as 1 to 87. 

F. 224. And by this method it might be known, 


how much ſolid and how much pore was in all 


bodies, if we had but any one maſs which we could 
handle, and which was perfectly ſolid; by know- 


ing it's weight. But as we can have no ſuch thing, 


it cannot be known how much pore and how much 
ſolid ſubſtance is in any given body. | 

$. 225. Becauſe all terreſtrial bodies, deſcend- 
ing freely by their gravity, are moved in a line 
perpendicular to the horizon; if the earth were 
of a ſpherical figure, they would be carried {trait 
towards the center of the earth. 

For let S be the earth, a ſection of which may 
be repreſented by it's greateſt circle, in which C 
is the center, and the tangent BAD is the hori- 
zon. The body E falls in the right line E A, 
perpendicular to B D. But the radius CA 1s allo 
perpendicular to BD; wherefore EAC 1s a con- 
tinued right line. | 

Mr. Mairan has determined very elegantly, in 
what kind of lines heavy bodies would move, if 
the earth were not of a round figure, but an oval, 
whether it's greater axis ſhould paſs through oo 

poles 
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poles, or through the equator. See the memoirs 


1 of the academy of Paris, for the year 1720. 


$. 226. The gravity of the ſame bodies is not 
the ſame in all places of the earth, but is greater 


in places nearer the poles, and leſſer in places 


nearer the equator. 
A pendulum whoſe length was 440, 6 lines, 


or more accurately 440,57 lines, by Mr. Mairan's 


experiments, ] which at Paris completed it's oſcil- 
lations in a ſecond of time, in the ifland Cayenne, 
diſtant five degrees from the equator, was forced 
to be ſhortened 14 of a line, that it might vibrate 
in the time of a ſecond : as was firſt obſerved by 
Richer in the year 1679. Yet afterwards Des 
Hayes, in the year 1699, obſerved the pendulum 
was to be ſhortened there 2 of a line. Mr. Varin 
and Des Hayes, in the iſland Gorea, which lies in 
the latitude 14*. 40, obſerved the pendulum was 
to be made ſhorter by two lines than at Paris. In 
the iſland Guadaloupa, latitude 14, and in Mar- 


_ tinica, north latitude 145. 44, the pendulum was 


ſhortened 2+ lines. In the iſland of St. Chriſto- 
pher it was ſhortened 15+ lines. In the iſland of 
San Domingo it was ſhortened 15 lines; ſo that 
the whole length was only 439,054 lines. But Mr. 
Bouguer has lately determined the length there to 
be 439,5 lines. In the harbour of America which 
is called Porto-Bello, it is 439,3 lines. In the 
city Quito upon Terra- Firma it is 439 lines. In the 
iſland of St. Helena, as Dr. Halley has obſerved, 
it muſt be ſhortened by 14 lines. Feuille, going 
to America in the year 1704, tells us that 1n the 
iſland Martinica the pendulum ought to be 
ſhortened by 24} lines. In theſe places the pen- 
dulum muſt be made ſhorter than at Paris, that it 
may vibrate with equal velocity; and it's oſcilla- 


tions are lower becauſe the force of gravity is leſs 
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in the places now mentioned. , But towards the 
les it increaſes, and therefore the pendulum 
muſt be lengthened in all the more northern pla- 
ces. This 1s confirmed by the obſervations of Mr, 
de Maupertuis; for at Pella in Lapland the length 
of the pendulum was required to be 441,17 lines, 
And hh the earth were not oval, but per- 
fectly ſpherical, gravity would always be leſs, the 
nearer the bodies approach towards the equator. 
For let AB be the axis, about which the earth 
revolves by it's diurnal motion, APBK a meridi- 
an, K a point of the equator, L another point in 
the latitude KL. From theſe points let be drawn 
the two perpendiculars K C, LO, to the axis. 
Then the centrifugal forces in R and L will be as 
KC, LO. But gravity in K acts towards C, with 
a direction contrary to that of the centrifugal 
force. But in L the two forces do not act with 
contrary directions. Let OL be produced to M, 
and CL to N, upon which let fall the perpendi- 
cular MN. The force LM may be reſolved into 
EN and NM, of which LN acts directly contra- 
ry to the direction of gravity LC. The triangles 
COLand LMN are ſimilar, and therefore ' tis 
CL.OL::LM. LN. Wherefore the centri- 
fugal force acting contrary to gravity in the points 
K and L, is in a ratio compounded of CK to 
OL, and LM to LN, or CK co OL, or as the 
ſquare of C L to the ſquare of OL. But OL is 
the ſine of the complement of latitude K L. So 
that proceeding towards the poles, the increment 
of gravity will be as the ſquare of the complement 
of the fine of latitude. But ſecondly, perhaps to- 
wards producing this effect a concurring cauſe 
may be, a greater heat of the air near the equator 
than at Paris, which will contribute to lengthen 


the pendulum. Thirdly, the rarity of the air of 
the 
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the atmoſphere, in a greater degree of heat, and 
the mercury being lower in the baroſcope ; whence 


proceeds leſs reſiſtance of the air to the vibrating 


pendulum than in colder places. Laſtly, becauſe 
the earth's greater axis paſſes through the equa- 
tor, and the leſſer through the poles. But the 


lengths of theſe axes in reſpect of each other, ac- 


- cording to the late obſervations of the great Mr. 


de Maupertuis are as 178 to 177. * 

$. 227. That is called pure gravily which bo- 
dies would have upon the ſuperficies of the 
carth, if it had no rotation about it's axis. This 
gravity 1s different from that which we now ob- 
ſerve to be in bodies, by reaſon of the centrifu- 
gal forces, with which all bodies are actuated that 
are found on the earth's ſurface, except ſuch bodies 
as lie directly under the poles, which are entirely 
exempted from their influence. In theſe mere 


- gravity would be found to prevail, but being in- 


acceſſible, becauſe of the intenſe cold and ice that 


reigns there, we have as yet no experiments about 


them. 
$. 228. The gravity of bodies ſituate beyond 
the ſuperficies of the earth, and which are at dif- 


* ferent diſtances from the earth's center, is in a 


reciprocal ratio of the ſquares of their diſtance 
from the center. 
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Let ILO be a part of the earth's ſuperficies, Tab. 2. 
whoſe radius is CI, and let A be ſome more re- Fig. 6. 


mote point. Let ILOK be ſuppoſed to be pla- 


ced in AB DE, and becauſe the force of gravity 

acts according to right lines from the center to the 
ſuperficies, it will act in lines produced from C 
through I L K O, which continued as far as A, 
will cut off the ſuperficies A F H G, at which the 
force of gravity is terminated, which acted upon 


Degrè du Meridien entre Paris & Amiens, ch. 1. 


Vor. I. 5 ILKO. 
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ILKO. But the force of gravity in AEB D i: 
to that in AFGH, as is the magnitude of AEBT 
to that of AFGH. But theſe magnitudes are in 
a ratio compounded of AB, or IO, and BD, or 
OK, to AGx GH. But it is IO, AG:: IC. AC; 


and OK. GH:: IC. AC. Wherefore the com- 


pound ratio will be IO x OK. AC GH:: ICq. 
ACq. And therefore the force of gravity in AD 
to that in IK, as ICq to ACq. | 
- This property of gravity is chiefly inferred 
from the centripetal force of the moon towards the 
earth. For ſince the moon has a rotation about 
the earth, it will conſtantly endeavour by this to 
recede farther from it, and yet is retained in it's 
orbit by a centripetal force, which is it's gravity 
towards the earth. The diſtance between the 
moon and the earth is about 60 of the earth's ſemi- 
diameters, and the moon compleats it's period a- 
bout the earth in the ſpace of 27 days, 7 hours, 
and 43 minutes. Therefore the centripetal force 
in the time of one minute 1s nearly equal to 15 
Pari, feet. If therefore gravity, at different diſ- 
tances from the center of the earth, be in a dupli- 
cate ratio of the diſtances inverſely, the lunar 
gravity of any body will be to it's gravity on the 
ſurface of the earth, as 1 to 152 x bo x 60. But 
we obſerve, that heavy bodies with us fall 15+; 
teet in a ſecond of time ; and a minute conſiſts of 
60 ſeconds, and ſpaces defcribed by heavy bodies 
are in a duplicate proportion of their times. 
Therefore the ſpace deſcribed by a heavy body 
near the earth will be as 15 x 60 x 60. Now as 
this is the ſame as was derived above, it is plain 
that gravity is in the aforeſaid ratio. 
$. 229. Wherefore if the bodies A H and IK 
are homogeneous, and of the ſame kind, and the 
magnitudes of AH and IK be as A Cq and I Cq, 
their weights will be equal, 5. 230. 
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F. 230. If the bodies AH and IK be of a 
different kind, and at different diſtances from 
the center of the earth C, their weights will be 
to one another in a ratio compounded of their 
weights which they would have at the ſame diſ- 
tance from the center of the earth, and the in- 
verſe duplicate ratio of their diſtances from the 
ſame center. 

$. 131. Therefore by how much bodies that 
are elevated above the earth's ſuperficies, and 
touch each other, are nearer to the center of the 
earth, ſo much the more they will act upon one 
another, as well by preſſing downwards, as by re- 
preſſing upwards, according to the abovemention- 
ed ratio. 

$. 232. If therefore the bodies are compreſſible, 
they will be compreſſed by their reciprocal action 


upon one another, and become more denſe: ſo 


that the denſities of thoſe bodies will be ſo much 
the greater, as they ſhall be nearer to the center of 
the earth; as the air is found to be in the atmo- 
ſphere of the earth. 

$. 233. This difference of gravity (F. 228.) is 


ſo ſmall in the Hifferent altitudes at which experi- 


meats can be made, that it may be eſteemed as 
none at all; whence in common uſe, and in the 
ſame region, it may be ſuppoſed as every where 
equal, 

For according to the meaſure of Picart the 
earth's radius is 19615800 feet. Let the height 
of a tower be 300 feet; then the diſtance of it's 
top from the center of the earth will be 19616100 
teer, Therefore gravity at the top of the tower 
will be to gravity at the baſe in the inverſe ratio 
of numbers, which are the ſquares of the foregoing, 
or as 384779609640000 to 3847913792 10000. 
Wherctore the weight of one pound at the baſe ” 
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the tower, will be to the weight of the ſame pound 


at the top, as 7680 to 7679434553 353-54. 


$. 234. A body near the ſurface of the earth, 
ſuppoſe in France, deſcending freely from a ſtate 
of reſt, in a perpendicular to the earth's horizon, 
is carried 15 feet, 1 inch, 2; lines Paris mea- 
ſure, in the ſpace of one ſecond. 

In the following ſecond it falls 45 feet 3 inches, 
and 64 lines. In the third ſecond it falls 75 feet, 
5 inches, 105, lines. 

$. 235. Therefore a heavy body falls by an ac- 
celerated motion, and the ſpaces deſcribed by it 
in equal times are as the odd numbers 1, 3, 5; 
and computing them from the beginning of the 
fall, the ſpaces are to one another as the ſquares of 
the times. For as 1 to 4, ſo 15 feet + 1 inch + 
27 % lines to 6o feet ＋ 4 inches ＋ 8-7 lines; which 
is the ſpace deſcribed by the falling body between 


the two firſt ſeconds. 


§. 236. That this may be the better under- 
ſtood, let the line A B repreſent time divided in- 
to equal parts, which are infinitely little, as A D, 
DM, MN. At the point D let the perpendicu- 
lar DE be erected, which may denote the veloci- 
ty acquired by the falling body, in the utmoſt 
point D of the time AD. But the time multi- 
lied into the velocity gives the ſpace deſcribed. 
Therefore the rectangle ADE 8, ariſing from 
ADxDE, would denote that ſpace, if the boy 
had always had the ſame velocity DE. But it 
began to move from reſt at A, and acquired the 
velocity DE only at the laſt moment D; ſo that 
the ſpace deſcribed will be only as the triangle 
ADE. In the time D M the body proceeds to 


move with the velocity D E, but which increa cs 
in the mean time, ſo that in the laſt moment the 


acquired velocity M r is as great again as D E 4 
an 
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and therefore the ſpace deſcribed in the ſecond 
time will be as DE Mr. In like manner in the 
third time MN it proceeds to move with an ac- 
celerated motion, and in the laſt moment of the 
time N it acquires the velocity N t, three times 
greater than DE, and the ſpace deſcribed in this 
time will beasr MN t. But the ſpace deſcribed 
in the ſecond time DM is three times greater than 
the ſpace ADE, deſcribed in the firſttime AD; 
and the ſpace deſcribed in the third time MN is 
MN rt, which is five times greater than the firſt 
ADE, as appears from a diviſion of the ſpace 
into triangles, which are all equal to ADE. Now 
the property of falling bodies derived from obſer- 
vation is after the fame manner, by F. 234. That 
is, the ſpace deſcribed in the firſt time being = 1, 
that in the ſecond time will be= 2, that in the 
third = 5. Therefore the property of falling bo- 
dies may be truly repreſented by means of the tri- 
angle ANt. | 

Therefore the velocities acquired by the fall of 
heavy bodies will be always as the times. For in 
one time AD the acquired velocity is as DE = 1, 


and in two times AD, DM, the acquired velocity 


is Mr 2, and in three times AD, DM, MN, 


the acquired velocity is as Nt = 3. And hence 


alſo, in equal times equal degrees of velocity will 
be excited in al! falling bodies. X 


F. 237. Since the triangle ADE is to the tri- 


angle AMr in a duplicate ratio of AD to AM, or 


in a duplicate ratio of DE to Mr, and theſe trian- 
gles expound the ſpaces deſcribed by the falling 
body; theſe ſpaces will be alſo in a duplicate ra- 
tio of the times, or of the velocities. Wherefore 
| the velocicies will be as the roots ©! the ſpaces de- 
| ſcribed ; which property may be proved by an 
| evident experiment. For when one body falls 


«ie from 
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from one height, and another from four times that 
height, and each of them 1s converted into an 
horizontal motion; the firſt will deſcribe one 
length in the ſame time that the other deſcribes 
twice that length. 
$. 238, Becauſe the forces in bodies that move 
freely are in a duplicate ratio of their velocities, 
by F. 190. and the ſpaces deſcribed by falling 
bodies are alſo in a duplicate ratio of their velo- 
cities, the ſpaces deſcribed and the forces produ- 
ced in them will be in a ratio of equality ; which 
1s thus confirmed by experiment. From the height 
of 3 feet let a ball fall into clay that is ſoft and 
well tempered: let it's weight be = 1, and let it 
make a cavity in the clay. Let another ball three 
times as heavy, but of the ſame magnitude, fall 
from the height of one foot into the ſame clay, and 
it will make a cavity equal to the former. There- 
fore becauſe of equal effects the forces will be equal, 
and conſequently they will be as the ſpaces deſcri- 
bed multiplied by the weights of the bodies. 
$. 239. Whoever conſiders $. 196, 197, 198, 
199, 200, will perceive, that falling bodies move 
with the ſame properties as thoſe bodies, which 
are preſſed by an internal power. And becauſe 
gravity is a preſſing power, bodies will be carried 
downwards, as if the power had been at reſt in 
reſpect of them, and yet had conſtantly acted. 
$. 240. If therefore a heavy body, falling 
from reſt in the time AB, at the end of this 
time acquires the velocity B C, and deſcribes a 
ſpace by it's accelerated motion which is repre- 
ſented by the triangle ABC; the ſame body 
moving in the ſame time with an equable motion, 
and with the velocity BC which is ultimately ac- 
quired, would have deſcribed a ſpace as long a- 
gain, which is repreſented by the rectangle * 
or 
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For the ſpace of the moving body is had, by 
drawing the time into the celerity. But AB x BC 
gives the rectangle ABCD. Therefore in half the 
time a body moving with an uniform motion will 
deſcribe a ſpace equal to that, which by an ac- 
celerated motion it would have deſcribed in a 
double time, beginning to move from reſt. 

$. 241. Becauſe gravity continually preſſes a 
body downwards, and acts upon a body in moti- 
on juſt as if it were at reſt: the motion of a body 
projected upwards perpendicularly will be retard- 
ed, and the decrements of velocity upwards will 
be equal in equal times. For whereas gravity pro- 
duces velocities downwards equal in equal times, 
therefore a body will be carried upwards with a 
motion equably retarded. So that every thing 
will obtain here that has been demonſtrated in 8. 
207, 208, 209. 

$. 242. If therefore a body falls perpendicu- 
larly from on high, it will acquire ſuch a velocity 
at the end of it's fall, as would make it aſcend to 
the ſame height again. This is proved by the 
vibrations of pendulums, as alſo by the fall of 
heavy bodies upon elaſtic obſtacles, 

$. 243. And therefore a body projected up- 


wards aſcends to ſuch a height, as by falling it 


may acquire the ſame velocity with which it was 
projected. 

$. 244. And the altitudes, to which different 
bodies may aſcend, which are projected with dif- 


ferent velocities, will be as the ſquares of thoſe ve- 


locities. 
$. 245. From hence it may be found, to what 
height a body will aſcend, which is projected per- 


pendicularly, the time being known which is ſpent 


from the beginning of the aſcent to the end of the 
fall. For let a ball be thrown upwards, and after 
H 4 20 ſeconds 
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20 ſeconds let it return again to the ſame place. It 
ſpends therefore 10 ſeconds in it's aſcent, and 10 in 
it's deſcent. The ſpaces deſcribed are as the ſquares 
of the times, and therefore as 10x 10. But in 
1 ſecond a body falls 139 Paris feet; and there- 
fore in 10 ſeconds it aſcends to the height of 
15 f XIOX 10, or 15084 feet. 

§. 246. A heavy body falling begins from reſt 
with an infinitely little velocity, which continu- 
ally increaſes, *till in any finite time it will acquire 
a finite degree of velocity. | 
For in a finite time AB let the falling body ac- 
quire the velocity BC, and let AB be divided into 
infinitely ſmall parts, as AM, and let MO be 
drawn parallel to BC. MO will be the velocity 
acquired by the falling body in the time A M. 
But AB. BC: AM. MO. Wherefore MO will 
denote an infinitely ſmall velocity, acquired in a 
time infinitely ſmall. 

$. 247. Yet a body in it's fall does not pals 
through all poſſible degrees of velocity. 

For vecaule the velocity, acquired by the body 
in the finite time AB, is conſiderably great, ſince 
it was increaſed ſo much in one ſecond of time, 
as that by this it can deſcribe 30;. Paris feet in 
the following ſecond, which therefore may be 
expounced by the line BC: in this line BC might 
be taken many leſſer magnitudes, as BE, and 
AE may be drawn, and Mr parallel to BE. 
Wherefore the body being moved by an accelc- 
rated motion, in the time AB, would only ac- 
quire the velocity BE, and in an infinitely little 
time AM would only acquire .ne velocity Mr, 
which is much leſs than MO. But as BE varies, 
ſo will Mr vary proportionably, ſo that the body 
will not paſs through all theſe degrees of velocity 
M r, ſince it paties only trough the degree MO. 


§. 248. 
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F. 248. It is alſo enquired, whether gravity 
be mutable in the ſame body, remaining in the 
ſame part of the earth, or does it increaſe, or any 
how diminiſh? Weight and gravity have been 


thought to decreaſe, becauſe a dead carcaſe 


weighs leſs than while the animal was alive, as is 
eaſy to obſerve in birds, firſt alive and then dead, 
weighed in an exact balance: yet the concluſion 
drawn from this experiment is fallible. For ſince 
living animals are continually loſing ſome of their 
groſs particles, in reſpiration and perſpiration, 
they become lighter and lighter by time. Again, 
gravity is faid to increaſe, ſince in a globe of 
claſs, filled with peaſe and water, and well ſealed 
up with wax, after eight days a greater weight 
was obſerved than at firſt. But this experiment 
is erroneous, nor can it be verified by trial. Per- 
haps ſome duſt from the ambient air, perha 
the moiſture of the air itſelf, encreaſed the weight 
of the ſtring by which the globe was ſuſpended, 
and led the experimentor into a miſtake. 

SF 249. Hitherto we have conſidered ſome of 
the properties and effects of gravity : but what 
is the cauſe of it? As gravity acts upon bodies in 


motion, and even when moved with the moſt 


rapid! velocity, as well as when at reſt, it ſeems 
not to be any thing external and mechanical. 
For whatever this may be, ſolid or fluid, it would 
operate differently upon bodies at reſt and in mo- 
tion. A body impinging upon another at reſt 
acts with all it's force; but if it impinges on a 
body in motion, it acts only with the exceſs of 
their forces. 
And ſecondly, gravity acts as well upon the 
internal ſubſtance of bodies as the external, and 
proportional to the quantity of matter, not to 
tac ſurface, Therefore it follows again, that it 
| : 15 
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is not mechanical ; for if the preſſing fluid were 
external, the preſſure would be as the magnitude 
of the ſuperficies, and by no means as the quantity 
of matter. So that it would increaſe as the ſu- 
perficies increaſes, which has never been obſerved 

in bodies. 
Nor may we ſuppoſe bodies to be intirely po- 
rous, ſince firm bodies muſt neceſſarily touch one 
another in ſome parts; and a fluid, as D, cannot 
preſs bodies in the places in which they touch 
one another. Whence there will be a leſs preſſure 
of the fluid in great bodies, than in the ſame 
when ſeparated from one another. This difficulty 
will always remain, whether the fluid D be ſup- 
poſed ſoft or elaſtick. May not gravity rather 
depend on a certain univerſal ſpirit, that pene- 
trates not only the pores, but the very ſubſtance 
of body? Whether ſuch a ſpirit has any being in 
the univerſe we are intirely ignorant, nor do we 
underſtand the operation of an mcorporeal ſpirit 
upon body. Therefore may not gravity be ſome 
internal active principle, by the efficacy of which 
terreſtrial bodies are determined towards the cen- 
ter of the earth? If this may be ſuppoſed, all 
the properties of gravity will hence flow mathe- 
matically, as we have ſeen in F. 239. And becauſe 
it cannot be an external corporeal cauſe, and 
whereas the cauſe muſt either be external or inter- 
nal, we are determined to fix upon ſome internal 
principle. But of this we cannot form a diſtindt 
idea in our minds, becauſe we cannot inſpect into 
the internal ſubſtance of bodies ; nor do we un- 
derſtand how heavy bodies, that are remote from 
one another, can operate upon each other, when 
nothing intervenes between them. Will this there- 
fore be an eſſential attribute of bodies? I will not 
affirm this, becauſe I know not the —_ 
| ody. 
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body. But this we are ſure of, it is ſomething 
inſeparable from all body, whether great or ever 
ſo little. Beſides that it 1s always active, and ac- 
cording to the ſame direction. And that it ope- 
rates ſo much the more intenſely, as being elevated 
above the earth's ſurface 1t approaches nearer to 
the center. This all body was endued with by 
the Creator, together with it's other attributes 
and properties; nor can we affirm as yet many 
more things about it, which will have the ſame 
degree of certainty. Now if others, with Mr. 
Robberval, ſhall pleaſe to call this an innate power, 
by which the parts of bodies affect to come to- 
gether, we ſhall not be much againſt it. * 

F. 250. Two principles cannot be obſerved in bo- 
dies, one of gravity and the other of /evity, by which 
bodies either recede from or approach to the cen- 
ter of the earth, ſuch as Ari/totle imagined to 
obtain. For no light bodies are found, but all 
are heavy, or deſcend towards the earth, whether 
placed in the open air or in a vacuum. Yet Ari- 
flotle's opinion was much more probable than that 
of ſome other Philoſophers, who aſſerted, that no 
bodies were heavy, but all were light, that there 
might be but one principle. Therefore they were 
forced to admit, that ſome were lighter than 
others, and that thefe were more eaſily elevated 
than thoſe. But this opinion muſt fall to the 
ground when we conſider the experiment in 
§. 214. in which we have ſhewed, that the 
leaſt lock of wool, and a piece of gold, falling 
by the force of gravity in vacuo, came to the 
bottom with equal velocity. | 


But what are we to think of the opinion of 


| Kepler, who has ingeniouſiy imagined certain ſpi- 


Du Hamel, Hiſt, Acad. Reg. I. 1. f. 5. c. 3. 
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rits, or immaterial emanations, for attracting bo- 
dies to the center of the earth? This cauſe alſo 
will not be mechanical; but how do we know that 
ſuch immaterial emanations really exiſt? Or 
how ſhall we demonſtrate that thoſe effects can 
be produced by them, which gravity produces? 
Or rather, according to Gaſſendus, are bodies 
attracted towards the center of the earth, by the 
emanation of magnetical efluvia? If Gaſſendus 
thought there was any real attraction, perhaps 
he has too ſlightly conſidered his own hypotheſis ; 
for this cannot be but among bodies that are con- 
tinuous and contiguous. And ſecondly, magne- 
tick force does not act upon bodies by attracting 
them towards the center of the earth, as appears 
from the inclinatory needles; ſo that bodies would 
not be attracted by it towards the center of the 
earth. Thirdly, I very much queſtion whether 
there is ſuch a thing as magnetical effluvia, which 


yet if it were, would be a propelling mechanical 


cauſe, which could not alike operate upon bodies 
at reſt and in motion. 

Or may bodies poſſibly be heavy, becauſe they 
are not in the proper places they affect to be in, 
in which if they were once placed, they would 
not exerciſe their gravity, as was imagined by 
Caſatus, and after him by Rudigerus? But gravity 
is a certain power; and can this ariſe in a body 


of it's own accord, becauſe that body is out 


of it's place? This is very hard to conceive. 
But are all bodies equally diſtant from their 


places, ſince all are endued with equal force of 


gravity, by §. 214 ? This cannot be ſaid, though 
we ſhould conceive the earth to conſiſt of different 
ſtrata of bodies, in which each might remain in 
their own places, which order was afterwards 
diſturbed. 
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A great part of our Philoſophers at this day, 
in imitation of Des Cartes, imagine the earth 
to be ſurrounded by a moſt ſubtile fluid, whirled 
about in a vortex, and turning it about it's axis : 
that the earth was carried round not ſo ſwift 
as the vortex, and therefore that earthly bodies 
were raiſed aloft, or moving more ſlowly were 
depreſſed by it, which depreſſion they call gravi- 
tation. This indeed is a mechanical cauſe ; but 
it cannot be brought about, that the matter of 
the vortex ſhould act upon a body in motion 
and at reſt alike, as gravity is found to act upon 
bodies. And ſecondly, bodies would not gra- 
vitate in proportion to their maſſes, but rather 
in the ratio of their ſurfaces, upon which alone 
that ſubtile fluid could act; which is againſt ex- 
perience. Thirdly, I need not mention that it is 
a mere hypotheſis, that there are any ſuch vorti- 
ces, and that it abounds with innumerable and 
inſoluble difficulties; which have been well con- 
futed by Newton, Keill, Whifton, and others. 
Fourthly, a ſingle vortex, ſuch as Cartęſius has 
introduced, could by no means impel bodies in 
a direction towards the center of the earth, but 
only towards it's axis. Wherefore with Hugens 
we muſt ſuppoſe there are innumerable vortical 
circles, ſurrounding the earth on every ſide, by 
which acting at once, bodies may be impelled 


towar.'s the center of the earth. But ſuch circles 


pus corporeal, perpetually moving and flowing 
of their own accord, cannot be conceived to act 
Wit12ut mutual perturbation and deſtruction. 
And fourthly, if the æther drives bodies down- 
wards, it muſt neceſſarily ſuffer ſome reſiſtance. 
Will it not diſcover it againſt bodies moved by 
it? And muſt not thoſe exert more reſiſtance 
which have large ſurfaces, than thoſe which 281 
I ma 
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ſmall ones? But we find that in vacuo a feather 
and a maſs of gold deſcend alike. 

Other Philoſophers have recourſe to the divine 
power, which they think immediately operates 
upon bodies, and produces gravity ; becauſe bo- 
dies of themſelves are no more capable of power 
than of underſtanding. But we may enquire how 
theſe learned men know, what body is capable of, 
and what it is not, ſince it's ſubſtance, nature, 
and undoubtedly many of it's attributes, are till 
unknown. And laſtly, how do they know that 
God immediately operates upon bodies, to pro- 
duce gravity ? For this is only an hypotheſis. 


CHAP. VIII. 
MECHANICKS. 


C 251. ACHINES are inſtruments or 
organs ſo conſtructed, that by 
their aſſiſtance, with a ſmall force, men may move 
large weights and maſſes of matter, for their own 
convenience; or may overcome a great reſiſtance, 

$. 252. The ſimple machines are ſeven, the 
balance, the lever, the pulley, the axis in peritrochio, 
the inclined plain, the wedge, the ſcrew. Of a few 
or more of theſe, being variouſly combined, al- 
moſt all other compound machines are made; the 
powers of which may be eaſily computed, when 


theſe ſimple ones are well underſtood. 


§. 253. We muſt conceive in our minds, that 
all machines are made of materials that are per- 
fectly hard and inflexible, and that they move 
upon their axes without any friction or obſtruction, 


and are compoſed in the utmoſt perfection; that 


their forces may the more eaſily be computed, 
and their ſtructure demonſtrated. 
| §. 254. 
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$. 254. The action of a preſſing power we call 
us momentum, which, by F. 166. is in a com- 
pound ratio of the magnitude of the obſtacles and 
their velocity. The obſtacles here intended are 
the weights to be moved; as alſo the preſſures or 
tractions of living powers. But for theſe, to fa- 
cilitate the demonſtrations, weights may be ſubſti- 
tuted that produce the ſame effect. 

$. 255. The center of gravity is a certain ima- 
ginary point in bodies, on which if they were 
ſuſpended, they wouid be exactly poiſed on all 
ſides. In this center the gravity of the whole bo- 
dy is ſuppoſed to be collected, it's other parts be- 
ing intirely deprived of it. 

$. 256, Hence when this center is ſuſpended 
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or ſupported, the whole weight of the body will 


at the ſame time be ſupported. Therefore the di- 
rection of this center, like that of all heavy bodies, 
will be perpendicular to the horizon. So that 
the body may be ſuſtained, either by this center 
of gravity, or by any point in this line of direction. 
For in this when any point 1s ſupported, the whole 
body muſt be ſupported. And the whole gravi- 
ty may be conceived to be collected into any 
point of this line of direction. Let there be a ho- 
"mogeneous ſphere whole center is C: this will alſo 
be the center of gravity, whoſe direction will be 
in AB perpendicular to the horizon. Wherefore 
the body thus poſited may be now ſuſpended or 
dae in any point of this line, as in D, E, 


Tab. 2. 
Fig. 8. 


and the action of gravity in theſe points will be 


the fame as in C. 

K 257. If the body be not ſupported in ſome 
point of the line AB, it will neceſſarily fall, and 
will deſcend by the gravity of the center 8 as 
much as it can. Hence may be underſtood, why 


the body S laid upon an inclined plane can only Tab. 2 
I deſcend Fig. 9. 
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deſcend by fliding. But the ſphere R, and the 


poligon T, can deſcend and revolve at the ſame 
time. But a double cone, being laid upon inclin- 
ed planes meeting in an angle, may deſcend and 
revolve, when at the ſame time 1t may ſeem to 
aſcend. 1 5 

§. 258. That point is called the center of mo- 
tion, about which one or more bodies move or re- 
volve at the ſame time. 

§ 259. The machine contrived for meaſuring 
the weights of bodies is called a balance ; which 
conſiſts of a beam AB, or of two Arms CA, CB, 
an axis C, a handle DE, a tongue F G, and two 
ſcales H, H, which are hung to the ends A, B. 

$. 260. That the balance may be well under- 
ſtood, it muſt be firſt conceived as if it were a 
mathematical ſtrait line AA, through the middle 
of which the axis paſſes, or the center of motion C. 
As ſoon as the balance begins to move, every one 
of it's points E, E, A, that is equally diſtant on 
each ſide from the axis C, will deſcribe equal ar- 
ches, as DF, DF, and E G, EG; and all the 
points D, E, A, of each of the arms, will at the 
lame time deſcribe circles or arches, that are pro- 
portioned to their diſtances from the axis. Theſe 


arches are the ſpaces deſcribed by the ſeveral 


points, which are as the velocities of thoſe points; 
ſo that the velocities are proportional to the diſtan- 
ces from the axis. 

$. 261. The balance is ſaid to be in equilibrio, 
or to be equally poited, when the moments of the 


C 262. 


* 


weights are equal, that are hung to the ends of 
each arm. For then it will be at reſt by the power 
of the moments, and in the common balance the 
tongue will be juſt over againſt the middle point 
or top of the handle. 
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$. 262. If as equal diſtances on each ſide the 


axis A, A, are hung equal weights P, R, if the Tab. 2. 
balance were moved theſe would acquire an e- Fig: 12. 


qual velocity, and therefore the moments would 
be equal; ſo that the balance when left to itſelf 
would be at reſt, the moment on one ſide being 
deſtroyed by an equal moment on the other. And 
however the balance ſhould be placed, the æquili- 
brium will always remain, ſince the lines of direc- 
tion of gravity ar, bb, will obtain on each ſide 
an equal diſtance Cb, Cb, Cr, Cr, from the 
center of motion C; becauſe of the equal trian- 
gles Car, Car, and Cbb, Cbb. 

$. 263. By how much the greater the diſtances 
of the weights ſhall be from the axis, ſo much the 
greater their moments will be; which will always 
increaſe in the ratioof their diſtances from the axis, 
becauſe the velocities of the weights increaſe in 
this ratio. Hence it appears why the longer ba- 
lances diſcover the true weights better than the 
ſhorter. | | 

F. 264. If at equal diſtances on each ſide the 


axis Care hung equal weights b, b; c, c; d, d; Tab. 3. 
e, e; their moments will be equal on each ſide the F 12. 1. 


balance, and therefore they will be in æquilibrio, 
by §. 262. And the balance will be at reſt, in 
whatſoever ſituation it is placed. If all theſe 
weights are conceived to be collected into one mals, 
there will be no alteration on either ſide, as to the 
equality of the moments : But thus we may form 
a conception of a balance that is truly material, 
though not yet furniſhed with ſcales or weights; 
to which all thoſe things may be applied, which 
| have been explained from $. 260 to 264. 


F. 265. If equal weights P, R, hang on each Tab. 3. 
| fide from the axis C, at equal diſtances AC, AC, Fig. 2 


by the flexible threads AP, AR, their moments 
Vol. I. I | Will 
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will always be equal in every fituation of the 


balance, and therefore there will be an equilibri- 


um. For if the balance ſhall be inclined to the 


horizon, the direction of the weights will be a p, 
a r, and therefore theſe act as from the points of 
the balance B, B, equally diſtant on each fide from 

the axis C. Therefore the moments of the weights 
are greateſt when the balance is in an horizontal 
fituation ; and leaſt the more it is elevated on each 
fide above the horizon. | 

§. 266. But if the balance A C A has a greater 
weighrat one end A than at the other A, the mo- 
ments of the weights will be unequal ; and there- 
fore the balance will move, till it arrive at a ſi- 
tuation perpendicular to the horizon, that part 
deſcending loweſt that has the preponderating 
weight, and that with the lighter weight aſcend- 
ing. And therefore the vulgar balance would not 
be ſufficiently adapted to uſe, unleſs it were other- 
wiſe conſtructed. | 

$. 267. If there were a balance A CB, whoſe 
center of motion C is above the beam, and equal 
weights P, Q, were hung at equal diſtances CA, 
C, from the axis, when the balance is placed 
horizontally, the moments would be equal. But 
if it ſhould receive a poſition as a C b, the arm 
C b would deſcend ſince the direction of the weight 
Q is diſtant from the center of motion by the 
quantity CE ; and the arm C a will be clevated, 
| becauſe the direction of the weight P is diſtant 
from C only by the quantity C D, which is leſs 
than CE. Therefore the balance will be ſo long 
agitated by reciprocal vibrations, till it ſettles at 
laſt in an horizontal poſition. 

§. 268. It the weights P, Q, applied to the 


balance in F. 267. ſhould be a little unequal, or P 


ſomething greater than Q, the arm of the balance 
17 ES 
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Ca would be depreſſed, and Cb elevated, *till 
the weight Q has an equal moment with P. This 
will be then Qx CES PDC. Wherefore by 
the help of this balance a preponderancy would be 
diſcovered, nor would it ſuffer a rotation, as that 
in $. 266. and therefore would be fitter for com- 
mon uſe. And the ſame thing will happen if the 
center of gravity is depreſſed below the center of 
motion. And in all balances care 1s taken, that 
the axis may not paſs through the middle, where 
the center of gravity is, but ſomething higher ; 
and that the ends of the arms, where the ſcales are 
hung, may be in the ſame nght line with the cen- 
ter of motion, Yet the nearer the center of mo- 
tion approaches to the center of gravity, ſo much 
the more accurate the balance will be, and ſo much 
the eaſter to vibrate. . 

F. 269. If from the middle point C of the ba- Tab. z. 
lance AB there ariſes a ſtyle CD of ſome weight, Fig. 4. 
when the balance is ſituated parallel to the hori- 
zon, this will not affect it; but when the balance 
inclines, as in a Cb, from the center of gravi- 
ty E of the ſtyle a perpendicular EF may be 
conceived 3 according to which the gravity of | 
the ſtyle will act. Therefore this weight will [ 
act upon the arm C b by depreſſing it. Now that 1 
it's action may be deſtroyed, on the oppoſite | | 
fide from C a ſtyle CK may be erected, with a 
weight K,whoſe moment is in æquilibrium with the 
former E. But that the ſtyle CK, with it's weight 
K, may not be an incumbrance, a heavy part RST 
may be fixed to the lower part of the balance; Tab. 3 
which may make the ſame equilibrium with the Fig. 5. 
ſtyle, whenever the balance is moved; and by 
means of this it may alſo be contrived, that the 

center of gravity of the balance may be ſituate far- 
| ther below tlie axis. 


12 §. 270. 
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F. 270. The axis of the balance and the han- 
dle ſuſtain the weight that is hung to the balance 
on each ſide, together with the weight of the 
balance. 

$. 271: Becauſe the matter of the balance, 
whatever that may be, is ſomething flexible; 
therefore whenever the balance is much loaded, 
it will not continue ſtrait. Therefore the arms 
bending downward, the axis or center of motion 
will ſomething aſcend, that the balance may have 
the leſs motion. Secondly, although the axis and 
handle were compoſed X hardened ſteel, yet be- 
cauſe the axis muſt be ſharp, when the balance is 
much loaded with weight, the edge will ſome- 
thing enter into the handle, and will be bent or 
blunted, and thereby become leſs apt to move. 
W herefore 1f very heavy loads are to be weighed, 
it is hetter to take them by parts, and never to 
burthen the balance overmuch. Leupoldus in thea- 
tri ſtatic. p. 1. and Leutman in comment. acad, 
petropol. vol. 2. deſerve to be conſulted about the 
ſtructure of the balance. 

F. 272. The balance A CB, whoſe arms AC, 
CB, are of unequal length, 1s called ftatera romana, 
or the ſteel-yard. Near the end of the arm B, where 


| a ſcale or a hook is placed, is the handle C with 


it's tongue. The other arm A C is diſtinguiſhed 
with points, lines or notches, declaring the ſeve- 
ral weights, when the counterpoiſe P is placed 
there. 
$. 273. The weights P and L, that are applied 
to the ſteel- yard on each ſide, will then be in æꝗui- 
librio, when being multiplied by their reſpective 
diſtances from the center, they ſhall produce equal 
moments. | 
$. 274. Therefore there will be an equilibrium 
between the two weights P and L, when applied 
to 


NATURAL PHILOSOPHY. 


to the ſteel- yard, if their gravities are in a reci- 
rocal ratio of their diſtances from the axis C. For 
ſince Px PC LX DC, it will be P. L:: DC. 
PC. 
$. 275. Wherefore the ſame weight P, by be- 
ing placed at different diſtances from the axis C, 
or at different points in the arm AC, may be in 
equilibrio with liferent weights put into the ſcale 
L. The farther it is placed from C, or if it be plac-d 
almoſt at the extremity, the ſame weight may 
counterpoiſe one that is very large. And this is 
the firſt and great conveniency of the ſteel- yard. 
$. 276. The axis of the ſteel-yard ſuſtains only 
the weight of both the bodies P and L, and not 
what the ſum of their moments amounts to. There- 
fore the axis has leſs preſſure upon the handle, and 
it's edge is leſs blunted, than in the common ba- 
Jance, when it is to weigh a like weight. Upon 


this account it is more eaſily moved, which is ano- 


ther advantage of the ſteel- yard. 
F. 277. From all theſe conſiderations hitherto ex- 
plained, there will reſult three ſpecies of the ſimple 
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ſteel- yard. Secondly, when the balance is true, Tab. 3. 
and when falſe. Thirdly, yet how we may diſ- Fig. ©. 


cover the true weight of bodies by a falſe balance. 


> Fourthly, how in a balance of equal arms, various 


weights may counterpoiſe one another at very Gif- 
ferent diſtances from the axis. Fifthly, how the 


centers of æquilibrium and of motion may be 
found from having the weight and ſteel-yard given. 
Or laſtly, when two or more weights are given, 
and allo the ſteel-yard. 


$. 278. A leaver is an oblong inflexible body, 


| deſigned for moving heavy bodies, or to ſuſtain 
and lift them. 


$. 279. The body which is put under the leaver, 


and upon which, as a center, the leaver performs 
I 3 it's 


17. 
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it's rotation, is called the fulcrum, baſis, bypome- 


chlion, or center of motion. The ſhorter part, which 


15 put under the body or maſs, is called the tongue 
of the leaver; and the longer part, to which the 
power or the hand is applied, is called the head of 
the leaver. 

$. 280. The leaver 1s to be conſidered as a 
geometrical line, that it's nature may the bettet 
be inquired into. The leaver 1s divided by Me- 
chanicians into three ſorts. A leaver of the firſt 
ſort 1s, when the fulcrum 1s placed between the 
weight to be raiſed and the moving power. The 
ſecond ſort is, when the body to be moved 1s be- 
tween the fulcrum and the moving power. This 
alſo takes place, if the tongue of the leaver lies un- 
der the weight, nor is the head preſſed downwards, 
but on the contrary is lifted upwards, and the 
tongue reſts upon the ground, and has it for the 
center of motion. In the third kind the moving 
power is placed between the fulcrum and the body 
to be moved. The moving power applied to the 
leaver is generally the action of a living man, 
which may be compared with a weight, as I 
obſerved in §. 254. let us ſuppoſe at firſt that the 
directions of the weights and powers are perpendi- 
cular to the leavers. | pts 

$ 281, A leaver of the firſt fort A C B does 
not differ from the balance, or from the ſteel- 
yard : and therefore what has been demonſtrated 
of theſe from F. 260. to 266. may be transferred 
hither. Therefore to make an æquilibrium the 
power P muſt be to the weight D, as AC to CB. 

$. 282. In a leaver of the ſecond kind CB, it 
is required for an equilibrium, that the power P 


muſt be to the weight D, as CD to CB. For if 


the leaver turns upon the center C, the velocity 
of the weight D will be as it's diſtance CD oy 
| __ 15 


NATURAL PHILOSOPHY. 119 


the center; ſo that it's moment will be as Dx DC. 
And ſo the velocity of the power P will be as CB, 
and therefore it's moment as Px CB. Therefore 
for an æquilibrium it will be PX CB = Dx DC, 
or P. D:: DC. CB. 

$ 283. Therefore the nearer the weight D is 

ut to the center C, the leſs muſt be the power 

to ſuſtain it. So that if D is put upon the 
fulcrum C, the power P no longer ſuſtains it, ſince 
the whole is ſupported by the fulcrum C. 

$. 284. In a leaver of the third kind, it is re- 
quired to make an æquilibrium, that the power P 
may be to the weight D, as CB to CP. For as Tab. z. 
ſoon as ever the leaver is turned, the velocity of Fig. 9. 
the power P will be as CP; and the weight D as 
CB. Therefore the moments will be as CP x P 
and CBT D. For an æquilibrium it will be 
CP x Þ = CBxD, and therefore P. D:: CB. 
CP. The knowledge of this kind of leaver is very 
convenient to Phyſicians, becauſe the bones of the 
limbs, which are moved by their own mulcles, 
have ſome affinity to this. 


. % % —_— 


F. 285. Archimedes's problem may be folved- 
» from hence; which is, by help of a leaver to move 
. © 2 given weight with any given power. 


$. 286. If a horizontal leaver AB, be ſupport- Tab. z. 
$ ed at each end A and B by fulcra or props, and a Fig. 10. | 
. weight D be applied near the middle, the action 
1ot the fulcrum B will be to that of A, as AD to 
1 BD. For if inſtead of the fulcrum B a power be ſub- 
e ſittituted, it will be a leaver of the ſecond kind, and 
| then B will be to the weight Das AD to AB. = 
t And if inſtead of the fulcrum A a power be ſup- | 
> FF poſed, this will be to the weight D as BD to 
f AB. Therefore it will be B. A:: AD. BD. 
1 $. 287. And hence it appears, what part of a 
n load D will be carried by two living powers A, B, 
E 1 when 
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when both carry it between them by means of the 
leaver AB. As alſo, if Hercules and a Child were 
to carry a great burthen between them, how the 
weight might be divided in proportion to the 
ſtrength of each. 

§. 288. If at different diſtances different weights 
D, f, G, were applied to the leaver, the reaction of 
the fulcra A and B might be known, when the cen- 
ter of gravity L of all the weights is firſt determin- 
ed; for then it will be B. A:: AL. BL, by §. 286. 

The center of gravity of the weights D and f 
will be found, if a line be drawn joining the 
centers of gravity of both, and then it be made 
f. D:: De. ef. And then drawing e G it be 
made G. e:: ek. k G. Then will k be the com- 
mon center of gravity of the three weights; and 
letting fall a perpendicular k L, from that the 
point of ſuſpenſion of all the weights is conceived 
to be in L. 

F. 289. Let the leaver AC be placed obliquely 
to the horizon, D a weight in the middle, P a 
power, which muſt be in reſpect of the weight D 
as CB to CA, in order to make an æquilibrium. 
For the line of direction, in which the weight D 
acts, is at the diſtance C B from the. center of 
motion C. Hence the moment of the weight is 
Dx CB. But the power P is at the diſtance CA, 
and therefore it's moment is Px CA. And fince 
for an æquilibrium it muſt be Dx CB = P x CA, 
it will be P. D:: CB. CA. 

Therefore if the weight D continues in the 
ſame place of the leaver, the higher the power P 
ſhall raiſe it, ſo much the more eaſily it will 
ſuſtain it's weight, becauſe of CB continually 
decreaſing. For ſince CA paſſes through E and 
G, the weight D will be found in E and G, and 
then will act according to the diſtance CF or CH. 


§. 290. 


NATURAL PHILOSOPHY. 121 


F. 290. Let there be three leavers AO, CO, Tab. 3. 
FO, joined together in O, where the weight is Fig. 14. 
applied and drawing AC, AF, CF, the power 
F in reſpe& of the weight O, will be as GO to 
GF. And the power A will be to the ſame 
weight, as BO to BA. And the power C to O, 
as EO to EC. : 

For if the power F raiſe the weight O by 
means of the leaver, it muſt have a rotation about 
the line AC, ſo that the center of motion will be 
G, in reſpect of the leaver FO, which is of the 
ſecond ſpecies. So if the power C ſhould act, 
there will be a rotation about the line AF, and 
E will be the center of motion of the leaver CO. 
And if the power A ſhould act, there will be a 
rotation about CF, and the point of motion will 

be B in the leaver AO. 
FS. 291. Let there be a leaver ACB, upon Tab. z. 
| which let the powers R, P, act with oblique di- Fig. 15. 
| reftions z; upon which letting fall the perpendi- 
culars CD, CE, for an æquilibrium it will be R. 
E 
For becauſe the powers act alike in every point 
of the lines of direction, the power R may be 
conceived to be in D, and P in E. And thus 
the diſtances of the powers from the center C 
will be as DC, DE, and therefore for an æquili- 
brium it will be R. P:: EC. DC. 
F. 292. Let there be a leaver, upon which let 
two powers act R and P, affixed to the ſame Tab. z. 
point A, with oblique directions. For an æquili- Fig. 16. 
brium, it muſt be R to Pas PC to CR, which 
ate perpendicular to both the directions. 
F. 293. Let there be a leaver AC, upon which Tab. 4. 
let two powers act D and P, and drawing per- Fig. '- 
| pendiculars to the directions, for an æquilibrium 
u will be P to D as CD to CA. 


This 
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This 1s of very good uſe to determine the 
actions of the muſcles that move the limbs, in 
reſpect of weights to be raiſed. 

F. 294. If the leaver were crooked, as ABC, 


upon which the powers R and O act; for a ſtate | 


of equilibrium it will be R to O as CE to CD, 
which are perpendiculars to the directions of the 
owers. 

$. 295. If the leaver ſhall be bent into an angle, 
as ACB, on which the powers P and S act direct. 
ly; there will be an æquilibrium, if it is as P to 
S, ſo BC to CA. All which eaſily follows from 
what goes before. 

$. 296. A pulley or tackle is a little wheel, 
through the middle of which an axis paſſes, 
about which it turns round. Over the wheel 
there is a rope, to be drawn to and fro, to each 
end of which ſometimes a power and weight, 
and ſometimes two powers are applied. It's uſe is 
to change the direction of powers, and to increaſe 


their moments, for raiſing or moving great 


weights. 
$. 297. The. pulley A being ſuſpended upon 
a fixed hook, having a rotation about the axis C, 


otherwiſe immoveable, and ſurrounded by a rope 


PAB, to one end of which a power is applied, 
and to the other a weight to be raiſed, does not 


increaſe the moment of the power, but has this Þ 


effect, that it ſhall continue the ſame in very dit- 


ferent manners of traction. It may be reduced to 
a leaver of the firſt kind, and from thence may 


be clearly apprehended. 


For if the ropes DP, EB are parallel to each 
other, let there be drawn a right line DCE from 
the points of contact, and through the axis, and 


let each of the ropes be conceived to be faſtned 


at D and E, and the upper and lower parts of tic 
| * | pulley 
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pulley being taken away, no change of the æqui- 
librium of P and B will follow from thence, but 
there will then remain DCE, which will be a 
balance or a ſtrait leaver with equal arms. If the 


| ropes ſhould have the directions DP and EG, or 
OH, and the ſame was done as above; there 


will remain the bended leaver DCF, or DCO, 


Which will always have equal arms. Whence 


there is required a power B, in E, or in G, or in 
H, which is equal to the weight P. 

F. 298. If the pulley cannot only turn about 
the axis, but can move treely upwards and down- 
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wards; and to it's handle CA if there hangs the Tok 4. 
weight to be moved P, and the ropes on each Fig. 5- 


ide are parallel to one another; to preſcrve an 


æquilibrium it is required, that the power B may 


be to the weight P as EC to ED; and it may 
be referred to a leaver of the ſecond kind. 

Let the ropes be conceived to be faſtned at the 
points D and E; the upper and lower parts of the 
pulley may be taken away without any alteration 
of the æquilibrium, and there will then remain 
the leaver D CE, whoſe fulcrum 1s at E, the 
weight hanging at C, and the power at DP. There- 
fore this will be to the weight as CE to ED, by 
9. 282. But if the ropes are not parallel to each 
other, as KE, LM, it muſt be conſidered as an 


angular leaver CEM; and to make an æquilibrium 


it muſt be, as the weight P to the power L, ſo 
is EM to EC. Therefore an equal power will 


not ſuſtain ſo much weight in the latter caſe as in 
the former. 


d. 299. Avis in peritrochio | is when a cylindrical 
axis is fixed ta a wheel, and can turn about in 


grooves, together with a large wheel to which it 
is affixed. The weight to be moved is faſtned to 


a rope, which winds about the axis, and the 
| power 


—— 
— 
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power 1s applied to the wheel, or to it's utmoſt 
rim. 

$. 300. Let AB be the wheel, DE the axis, 
C the common center of motion, F the weight to 
be moved, M the moving Power. Now to pre- 
ſerve an æquilibrium it is required, that M ſhould 
be to P, as the ſemidiameter of the Axis DC, to 
the ſemidiameter of the wheel CB; and it may 


be reduced to a leaver of the firſt kind. For the 


direction of the weight P is diſtant from the center 
of motion C by the quantity DC, and the directi- 


on of the power M is diſtant from the ſame center 


by the quantity CB. Therefore it will be M. P 
:: DC. CB. 
$. 301. Therefore the wheel AB being enlarged, 
or the cylinder CD being leſſened, the ſame 
weight may be moved by a leſſer power. 
302, Wherefore if the intenſeneſs of the 
ower ſhould decreaſe in the ſame ratio as the 
diameter of the wheel increaſes, to which the 
weight or reſiſtance is applied, it will always be 
acted upon by the power in the ſame manner. 
This 1s obſerved in the ſprings and conical axis 
of portable watches; to which axis the chain is 
affixed. 
$. 303. The direction of the power BM, FG, 
may be very different, and yet it's moment will 
not ſuffer any alteration from thence. Becauſe 
it's diſtance from the center always continues to 
be equal to the radius of the wheel CB or CF. 
$. 304. In large hollow wheels of this kind 
ſometimes men, or other animals, are made to 
walk or tread, and then the direction of the 
power is not at the ſame diſtance from the center 
of motion, but is different in the points H, K, 8. 
For drawing perpendiculars to the horizon H O, 


KE, SQ, which are the directions of all heavy 
bodies, 
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bodies, the power in H is diſtant from the center 
C as it were the diſtance CO, and the power in 


K as CE, and the power in S as the diſtance CQ. 


$. 305- In conſidering the radius as well of the 
axis as of the wheel, an account muſt alſo be ta- 
ken of the diameter of the rope, when it is of 
any notable thickneſs. | 

306. In holes of the wheel are often includ- 
ed leavers or handles, or they are placed in the 
ſame plain with the wheel, or are perpendicular 
to it. Theſe do not change the ratio of the 
moment as to the wheel, becauſe they are 
equally diſtant from the center of motion. But 
they do the ſame office as a wheel of greater 
diameter. 

g. 307. Sometimes the axis has it's holes con- 
trived, that leavers may be adapted to them, and 
the axis itſelf is put at very different inclinations. 
If perpendicularly to the horizon, then the engine 
is called ergata, or a crane. If parallel to it, it 
is called ſucula; or in any other manner. The 
ſame demonſtration may always be applied to 
theſe machines. 

$. 308. From hence may alſo be underſtood 
the machine which by Perrault and Yarignon is 
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called funicularia, which is only axis in peritrochio. Tab. 4. 
The power M muſt be to the weight P, as CB to Fig: 7- 


BA. Dr. Deſaguliers has well demonſtrated the 
{mall advantage of this machine *. 

$. 309. Wheels with teeth and their pinions 
are not very different from the axis in peritrochio, 
from the nature of which the method of applying 
powers to various machines, which are provided 


with wheels, and can move great weights, may 


be calily underſtood. 
Philoſ. Tranſ. No, 412, 


For 


* - ng 3 
— — 
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For let the weight P be 30 pounds, which is 
ſuſpended by a rope winding about the axis ACR; 
let the radius of the indented wheel CB be 60 
times greater, ſo that the weight applied to the 
tooth B muſt be 3; of the weight P, or 5 pounds, 
This weight, becauſe of the teeth of the wheel 
communicating with thoſe of the pinion EB, 
muſt be conceived as applied to the tooth of the 
pinion EB, whoſe radius is + of the length 

M; ſo that 1 pound applied at M will be 1 
equilibrio with 5 pounds in B, that is with 30 
pounds in P. 

$. 310. From the ſame principles it may like- 
wiſe be eaſily determined, when a greater or a leſ- 
ſer wheel of a carriage 1s given, which 1s to re- 
volve upon uneven or foft ground, which will 
have the harder and more difficult motion. 

Let HH be the ground, DB an aſperity to 
be overcome, CF the direction of the power that 
draws the greater wheel; the gravity acts on the 
axis C with the direction CA, ſo that a power F 
will be required, which muſt be to the weight of 
the wheel conceived to be in A, as AB to BE. 
And a power G, that draws the leſſer wheel with 
the direction GT, parallel to the former, is re- 
quired for the weight of the wheel, which may 
be conceived to be in S, as SB to BO. Now 
becauſe the angle BCA is leſs than BIS, the ſine 
of the angle BCA will be leſs than that of the 
angle BIS; and the angle CBA is greater than 
IBS, and therefore the fine of CBA will be 
greater than that of IBS. Therefore AB will 


be to BE in a leſs ratio than SB to BO. So that 


a. leſs power F may. move a greater wheel that is 
as much loaded, than G which makes the leſſer 
wheel to move. 


. 311. 
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$. 311. But for other reaſons, a greater wheel 
is more eaſily turned and drawn forward, than a 
lefler. Firſt, becauſe the friction upon the axis 
in a greater wheel is to that in a leſſer, as the 
diameter of the leſſer wheel to that of the greater. 
Secondly, the leſſer wheel ſinks deeper into the 
ſmaller aſperities of the ground than a greater, 
and is therefore to be raiſed higher. And thirdly, 
if the plain ground be ſoft, a greater wheel will 
not be ſo much abſorbed as a leſſer. For ſince 
each wheel, being equally loaded, will expel the 
ſame quantity of earth out of it's place, the leſ- 
ſer wheel will ſink deeper into the earth than the 
higher, and therefore muſt be lifted higher 
than the greater wheel, to be freed from the 
ground. 

$. 312. Becauſe the attrition of the wheels up- 
on their axis is a great incumbrance to moving 
bodies, therefore much heavier loads may with 
much greater eaſe be advanced forwards, by the 


aſſiſtance of rollers, or of ſolid cylinders, free 


from friction, and lying upon the even ground. 

F. 313. A wedge is any body whatever, which 
from a broad baſe terminates in an edge. This 
is applied to the cutting, cleaving, ſeparating, or 
raiſing of bodies. | 
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$. 314. A triangular priſm is called a /mple Tab. 4. 
wedge, the ſides of which are repreſented by the Fig: 10. 


nght-angled triangle ACB, the baſe AB 1s the 
| length, and BC i the height or back of the wedge. 


A double wedge ACD, conſiſts of two ſimple ones, Tab. 4. 
ACE and AED, which are joined by their Fig. 11. 


| lengths AE. | 

F. 315. The powers which are applied to 
| wedges are either ſuch as preſs, or which ſtrike 
by means of a hammer. Bodies which are ſepa- 
| rated by wedges are either ſeparated fo far ny 
the 
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the wedge enters, or they are clave by a fiſſure, 


which extends much farther than the wedge pene- 
trates. | n 
$. 316. When a body is only ſeparated by 
means of a wedge, the preſſure of the power, 
applied to the back of the wedge, is in equilibrig 
with the reſiſtance of the parts to be ſeparated, 
if it ſhall be as the height of the wedge to it's 
length. | 

The reſiſtance of the parts to be ſeparated 
may be compared with a weight X which is to 
be raiſed. If therefore the power P, which impels 
the wedge ACB by the quantity A B, is ſuch that 
it may come to BA, then the body X, which is 
conceived to be held back by the obſtacle Ay, 
will aſcend by the quantity Ay. Therefore the 
velocities of P and X are as AB and Ay; ſo 
that the moments of P and X are Px AB and 
X x Ay. Suppoling therefore the moments to 
be equal, it will be P. X:: Ay. AP. 

$. 317. The longer AB 1s, when BC continues 
the ſame; or the leſs BC is, when AB continues 
the ſame, ſo much the leſs the power P may be, 
to overcome the ſame reſiſtance. 

$. 318. The ſame things will obtain in a double 
wedge. For let BKH be a very heavy piece of 
timber, a part of which BK is cut off, and is alone 
moveable. Let the wedge be AOC, which 
being moved it's length D C removes the part B 
the diſtance AO from the reſt of the timber. 


Therefore the power, which drove the wedge, 


had the velocity D C, and the wood the velocity 


AO. 
§. 319. Hence the nature of a knife, ſword, 


dagger, auger, ſhears, may be underſtood ; as alſo 


the action of ſeveral mechanical poiſons, and ſharp 
corroſives, upon the bodies of animals. 
1 F. 320. 


S ”F YE ar" Y 1 
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$. 320. The plain ſuperficies A C, inclined to Tab. 4. 
the horizon AB, is called an inclined plain; the Fig: 12. 
height of which is the perpendicular CB. 

. 321. Let the body K, lying upon the in- 
clined plain AC, be ſuſtained by the power P, 
whoſe direction PK is parallel to the plain. The 

wer P will be to the gravity of the maſs K, as 
the altitude of the plain BC, is to the longitude 
AC. 

For drawing KD from the center of gravity to 
the point of contact of the plain, and Ke the 
direction of gravity, as allo De perpendicular 
to it; there will be an angular leaver, to whoſe | 
extremes are applied the power Pin K, and the | | 
weight K in e. Wherefore P will be to K, 
| # which is conceived to be in e, as e D to DK, 
| or as CB to CA: or as the ſine of the angle of 
inclination, which the plain has to the horizon, 
to the whole ſine. 

322. If the direction of the power O is 
parallel to BA the baſe of the plain, to make an Tab. 4. 
- #quilibrium it is required, that it may be O. K Fig. 12. 
N :; CY, DA: 

Por the perpendicular DI being erected to the 
direction OK, there will be an angular leaver 
-| IDe, and therefore ts OtoKine::eD.DI 
" FF ::CB. BA. As the ſine of the angle of inclina- 


| tion, which the plain has to the horizon, to the 
> | fine of the complement of the ſame angle. 
B P S 


S. 323. Therefore the leaſt power required to 

ſuſtain the ſame weight, is that whoſe direction is 
parallel to the plain. And ſo much greater the 
power muſt be, the more that direction recedes 
from paralleliſm. If the direction be above PK, 
the power need only be equal to the weight; but 
if the direction be below PK, a much greater 
power may be wanted than the weight K. 

Vol. I. R. C. 324. 
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$. 324. The leſs the altitude of the plain CB 
ſhall be, ſo much leſs the power P may be, that 
ſuſtains the weight K. So that if CB be infinite- 
ly ſmall, or the plain be horizontal, the ſuſtain- 
ing power P may be infinitely ſmall. 

$. 325. A ſpiral ſtanding out, and revolving 
about a cylinder, or carved within a ' cylindrical! 
cavity, is called a ferew. That is external, and 
this is internal. One of theſe is converted about 
the other, and one of the two ought to be fixed. 
Therefore two of them muſt always go together. 
Their uſe is, to raile, ſqueeze, or move bodies. 

§. 326. If the power B turn either of the 
{krews, whether the internal through the external, 
or the external about the internal, with a direction 
that is parallel to the baſe, then it will be to the 
weight W, which is to be raiſed, and which 1s 
laid upon the ſlerew, as is the diſtance AS between 


the two neareſt ſpirals, to the periphery of the 


circle which is the baſe. 

For the ſpiral XZ (in fig. 16.) 1s only an 1n- 
clined plain AC, involved about a cylinder; and 
the power B, which turns the ſkrew about with 
a direction parallel to the baſe, performs the ſame 
thing as the power P, which impels the inclined 
plain AC in the direction BA, and fo raifes the 
impoſed weight X. We have ſeen then in S. 3106. 
that P is to X as CB to BA. But CB in this 
caſe is the diſtance AS between the two next 
circumvolutions, and BA is the periphery of the 
circle which is the baſe. 

$. 327. Therefore the nearer the ſpirals are to 
one another, with the fame thickneſs of the cylin- 
der, or the thicker the cylinder is, with the ſame 
diſtance of the ſpirals, fo much the lets the power 
may be, which is to raiſe the weight. Therefor- 
with the help of double or treble ſkrews, the 

Power 
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power will not be much aſſiſted, as to it's ſtrength 


and efficacy. 
28. A leaver is uſed to be affixed to the 


head of the ſkrew CB, by the help of which the Tab. 4. 
ſkrew is turned about; and ſince the power D Fig. 15. 


reſſes this with a preſſure parallel to it's baſe, 
it will be to the weight to be raiſed W, as the 
diſtance AS of the two ſpirals next to one ano- 
ther, to the periphery of the circle which is de- 
ſcribed by the extremity D of the leaver DF, to 
which the power is applied. 

$. 329. Therefore the longer this leaver is, ſa 
much the leſs power 1s required, for raiſing the 
weight. | 

$. 330. The ſkrew is chiefly of uſe in preſſing 
and raiſing bodies; and ſince two ſkrews move one 
upon another, and touch one another in a very 
large ſurface, the friction muſt be very great in 
this machine; and hence it is that the eminent 
parts of the ſkrew penetrate ſo deep, that they 
do not eaſily become looſe, or the ſkrew does 
not run back but with great difficulty. _ 

$. 331. The ſimple machines being thus ex- 
amined, we may proceed to conſider ſome com- 
pound ones, and among theſe the firſt that oc- 
curs is the compound balance, ſerving for weighing 
great guns, very heavy anchors, and other great 
maſſes. - Let P be the maſs to be weighed, which 


| is hung by the hook B, AB Ca leaver of the 


ſecond kind, connected with the balance DEF; 
and let M be a variable counterpoiſe in the ſcale 
EF. The power required in 

CistoP, as AB to AC. But the power in C D. And 
Mto C, as DE to EM. Theſe multiplied into each 


other, will be MC to PC, fo M to P, fo AB x DE 
to AC x EM. 
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$. 332. Therefore the power 1s to the reſiſtance 
in a ratio compounded of all the ratios, which the 
power would have to the reſiſtance in the ſeveral 
parts of the machine, if each were accounted for 
ſeparately. And this is an univerſal rule for all 


compound engines. 


F. 333. Allo ſeveral leavers may be joined to 
one another, as in this ſcheme there are three 
connected. It 1s therefore according to the rule 
aforegoing ; as the weight K to the weight P, fo 
is ABxCI x EF to BCxIE x FK. 

§. 334. Polyſpats of various forms are made 
of pulleys. Every one of theſe conſiſts of three 
pulleys. The power U muſt be to the weight P, 
as unity to the number of ropes that ſurround 
the inferior pulleys. For by the help of every 
pulley that aſcends freely the power can raiſe a 


double weight. 


$. 335. But the pulleys may be otherwiſe diſ- 
poſed, that all may move freely upwards, and 
then a leſſer power will raiſe a much greater 
weight, as may appear from the numbers ad- 
joined. | 

$. 336. A pancration is compoſed of various 
indented wheels adapted to one another, the laſt 
of which makes many revolutions, by means of a 


. windleſs. Yet ſometimes this may be made to 


move by the help of a ſkrew, and then it is called 
an endleſs ſrrew. | 

§. 337. The axis in peritrochio is alſo joined 
with pulleys, and by help of a long beam ſtand- 
ing out it compoſes a machine, which is called a 
crane, and is of very frequent uſe. | 

F. 338. It is conſtructed after ſeveral manners, 
but the following 1s moſt commodious. 

A is a leſſer wheel, which is turned about by the 
windleſs B, and it's tceth communicate with thoſe 
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of the great wheel C. This turns about with the 
axis D, about which is wound the rope D E F G. 
The rope paſles over the pulley E, that it may 
have a direction along the Beam, and is faſtened 
to the hook Gat it's extremity. The power which 
is to be applied to the windleſs B may be deter- 
mined in the following manner. Whereas the 
pulley F moves freely up or down, the power 
drawing the rope in E or in D, muſt be half the 
weight P. The diameter of the axis D is to that 
of the wheel C, as 1 to 20. So that the power to 
be applied to the tooth of the wheel C is now re- 
quired to be only Y at D, that is + of the weight 
P. The radius of the windleſs EB to the radius of 
the leſſer wheel A is as 2 to 1. Therefore the 
power to be applied to B muſt be equal to half A; 
or it muſt be to the weight A as 1 to 80. So that 
an immenſe force may be exerted by a man only, 
with the aſſiſtance of this Crane. The whole ma- 
chine 1s placed in a winding ſhed, with it's pillar 
HH, and 1s turned about with the leaver K. But 
whereas weights are not only to be raiſed, but 
are alſo to be ſtopped and checked ; here is ano- 
ther contrivance, which is faintly expreſſed in | 
NLM, but is more clearly repreſented in another 7755 
figure. NOa is a leaver moveable about the axis Tab. g. 
O; to the extremity N is annexed the rope NLM, Fig. 6. 
paſſing over the pulley L; and beſides this Icaver N. 
has a prominent ſtile Q. The extremity of the 34 
leaver N being raiſed by the rope, the other ex- 
tremity a is depreſſed with the ſemicircle annex- 
ed BV. And Tis a ſtyle made faſt to the baſe of 
the crane. Now at the ſame time that the ſtyle C 9 
that runs in the wide hole R, ſhall raiſe up the o- ff 
ther ſtile RX, which is moveable in the {irit 
groove SS, by this means the fork Y 1s raiſed oat 
of the teeth of the wheel Z. This wheel Z is about 
«2 the 
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the ſame axis with the leſſer wheel A, and prevents 


the weight P from deſcending, when the machine 
is left to itſelf. Alſo about the ſame axis there is 
a third orbit d, made of ſome ſoft wood, to which 
the ſemicircle BV is preſſed, at the fame time as 
the fork Y 1s lifted out of the teeth of the wheel 
Z. Hence ariſes a friction or attrition of this or- 
bit againſt g V, at the ſame time as the weight P 
moves the machine : by means of this attrition, 
which may be increaſed as much as we pleaſe, by 
drawing the rope more ſtrongly towards M, we 
may let down the weight faſter or ſlower. The 
inventer of this machine is the acute M. Padmore, 
and the very ingenious Philoſopher Dr. Deſagu- 
liers was the firſt who gave us an elegant deſcrip- 
tion of 1t. | 
Therefore from ſimple machines a multitude 
of others may be compoſed. He that would 
ſee a great number of them may conſult Beyſſonius, 
Ramellus, Bockler, but chiefly Leupold. Likewiſe 
the memoirs of the royal academy of ſciences at 


Paris havedeſcribed many. But theſe authors have 


collected the chief of them, which they have well 
deſigned and explained, 
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CHAP. IX 
Of the friction of Machines. 


$. 339. | Te any one ſhould apply thoſe powers 
to machines, which we have deter- 
mined in the foregoing chapter, and ſhould in- 
creaſe them a little beyond the equilibrium; yet 
by their aſſiſtance he would not be able to move 
the propoſed maſſes. And this becauſe all bodies 
muit move upon one another, and theretore would 
ſuffer no little friction or attrition. Therefore the 
power which is to move any weight by help of a 
machine, muſt not only be ſo great as is above de- 
fined, but muſt be confiderably greater, ſo as that 
it may overcome the attrition alſo. 
§. 340. This attrition ariſes from the aſperity 
of ſurfaces, the parts intangling and hindering one 
another, ſo that bodies cannot move freely upon 
one another. 
$. 141. The roughneſs of the ſuperficies of bo- 
dies cannot be removed by any art, nor can any 
ſurfaces of any notable magnitude be ſo ſmoothed 
and poliſhed, as to be every where alike ; and this 
becauſe all bodies are porous. For all ſurfaces are 
rough, uneven, here riſe up and there ſink in; 
and when bodies are laid upon one another, the 
prominences of one enter into the cavities of ano- 
ther, juſt as if two urchines or two bruſhes were to 
be laid on one another. Wherefore that ſuch bo- 
dies may move upon one another, which are ſo 
entangled, the upper body muſt be lifted up, and 
extricated from the lower, or both muſt be part- 
ed, that the prominent parts of each body may be 
either bent or broke, Which ever of theſe things 
K 4 18 
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is to be done, a force is required to perform it, 
that is to overcome the attrition. 

$. 242. Some Mechanicians, as Amontons, Leib- 
niz, Sturmius, Camus, Deſaguliers, Bulfinger, &c. 
have endeavoured to find general rules, derived 
from certain experiments, to determine the quan- 


tity of attrition, when bodies of a given weight, 


and a given ſuperficies, were to move on one ano- 
ther with a given velocity; but without ſuccels. 
And that no general rules can be given in this 
caſe, is plain from reaſon itſelf, as well as innumer- 
able experiments. For the ſtructure of all firm 
bodies 1s very different, the figures of the promi- 
nent parts and of the cavities are different, as alſo 
the aſperity, rigidity, elaſticity, ſoftneſs, cohe- 


rence, according to it's native place; oldneſs, dry- 


neſs, denſity, moiſtneſs of the air, &c. So that 
the parts laid one on another will be differently 
entangled, the depth they enter one another will 
be different, and they will differently reſiſt againſt 
inflexion or fracture. Mult not a very different 
degree of friction ariſe from hence, ſince bodies of 


a various kind are to rub againſt one another, 


though they have equal ſurfaces, are equally load- 
ed, and move with the ſame velocity ? This will 
be clear from the following example, which I have 
choſe out of many, in which the pieces of wood 
were very finely poliſhed, and moved horizontally 
upon one another. The pieces of wood, together 
with their loads, were of the ſeveral weights here 
ſet down. 
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A piece of fir | The ſame piece | A piece of oak | The fame piece 
1 inch broad, | of fir moved up- | of the ſame big- | of oak moved 
13 inches long, | on a piece of | neſs as before, | upon a piece 
moved upon a | box, and loaded ] moved upon a | of box, loaded 
piece of fir, | with the ſame | piece of oak, | with the {ame 
loaded with the | weight, had the | loaded with the weight, had the 
weight as below, friction | ſame weight, had | friction 
had the friction the friction 
Ounces drams Drams Drams Drams 
41— 71 — 5 6 6 
6 —— 11 | — 8 8 8 
Eo IE women ff ono „ 
10. 17 — — 12 11 
12 —— 22 | — 13 — 15 | —— 12 
14 — 25] 16 | —— 17 | —— 14 
16 —— 28 20 21 | —— 16 
18 — 31 23 | —— 25 | ——— 18 
Pounds oun. dr, | Ounces dr. | Ounces dr. } Ounces dr. 
8. 8 - 6 6 — 4 II — 0 5 — O 
4-12-6] 9 —— 4| 14 —— © 7 — O 
5 21224112 O 15 — 0 9 — © 
6-16 - 4] 12 4417 — 0| 10 —— 0 
7- 20 -O | 14 — 0 20 —— © 13} —— o 
8- 24 - 0] 160 —— of 23 —— 15 — o 
10- 26 - 0] 20 —— 4] 29 — 0 I9 —— © 


$. 343. If weconſider the experiments made with 
the fir upon fir, we may obſerve in the eight for- 
mer, that the power which very hardly overcomes 
the friction, is to the weight as 1 to 4; but as the 
weight increaſes, a leſſer power was wanting. For 
it's ratio to the weight is as 1 to 4. In the ſeven 
latter experiments the friftion was ſomething more 
Irregular, and was in proportion to the weight as 
1 to 5, and laſtly as 1 to 6. So that there is no 
conſtant ratio between the friction and the weight. 

If the experiments are examined in the ſecond 
column, where the fir moves upon box, then » 
tne 
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the firſt eight experiments” the friction is to the 
weight as 1 to 5 at firſt ; but the weight being 
increaſed, it is as 1 to 6, or even as 1 to», 
In the latter experiments the weight being farther 
increaſed, it was as 1 to 8. 

If we examine the experiments of the third co- 
lumn, where the piece of oak moves upon oak, it 
appears that this wood, when it is not much load- 
ed, moves more eaſily upon the ſame than fir up- 
on fir. But when the weight is increaſed the fric- 
tion becomes like that of fir. Nay, the friction 
rather increaſes, becauſe of the deep longitudinal 

res of oak. 


The friction of oak upon box is leſs than that of 


fir upon box; for in reſpect of the weight it is 


hardly as 1 to 8. Wherefore the experiments of 
M. Amontons by no means agree with ours, ſince 
that Philoſopher affirms, that the attrition in re- 
fpect of the weight to be moved muſt always be 
eſtimated as 1.to 3. | 

§. 344. Nor is it otherwiſe with the friction of 
metals, as has been obſerved by means of the 7r:- 
Zometer; in which DD is an axis of hardened ſteel, 
of the diameter of + of an inch, the parts CC are 
of + an inch diameter, and the axis paſſes through 
a cylindrical diſk of wood AB, of 4 inches diame- 
ter. All this apparatus is of three pounds weight. 
The axis on both ſides was very well poliſhed, 
and was inſerted into various notches of metal, 


which were poliſhed with the greateſt nicety. The 


reſult of theſe experiments, ſhewing the firſt be- 
ginning of rotation, was made by a weight P hang- 
ing by a rope, and encompaſſing the cylinder 
AB; as is marked in the following table, in which 
the proportion of the friction and weight is ſub- 
joined. 


With 


| With the ſmaller 
* ſteel axis DD, be- 
ing dry. and re- 


E ceived into guaia- 


cum wood. 


J The cylinder not 


The moving pow- 
er hanging upon 


a rope, ſurround- 


ing the diſk AB 
was 


Drams fric. to wt. 
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The moving pow- 
er, when the {mal- 
ler axis was anoint- 
ed with oil of o- 
lives, was 


Drams fric. to wt, 


groove of red cop- 
Per; | 


The cylinder not 
loaded ——— 


Loaded on C ith 
each ſide < 2+; 
with 3tb 


15 


AB. 


Dram fric. to wt, 


1 to 6 
I to 3 
I-20 45 
I to 417 


4 
; | 
2 


my 


loaded 10 1 023 65 0 
Ioaded on 1th We 1 0 24 10 1 to4 
each ſide A 255 14 1 il 

with 350 20 1 to 31 21 | 1to 34 

| 
The ſmaller axis The moving pow- | The moving pow- 
DD being dry, | er hanging by a | er with the axis 
and admitted into | rope ſurrounding | DD anointed with 
| hardened ſteel ; the diſk ; oil of olives ; 
The cylinder not | Drams fric. to wt. | Drams fric. to wt. 
| loaded 6 | 1to 4 4 1 to 6 
Loaded on (1511 1 0 10 1 to 4 
each ſide A 25 17 1 14 1 to 4 
with nns | 19:4 i 
The ſmaller axis | The moving pow- | The ſmaller axis 
DD being dryand | er hanging by a | being anointed 
received into a | rope ſurrounding 


with oil, the mov- 
ing power was 


Drams fric. to wt. 


3 1 to 8 
7 | 1 to 57 
10 I 0 51 
WE + | I to 5:77 


The 
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ceived into dry 
pewter. 


The cylinder not 
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The moving 


power, 


Drams. fric. to wt. 


| The axis anointed 


with oil of olives, 


Drams. fric. to wt. 


loaded 6 | 1to4 51. 10 a7 
Loaded on ( 116] 11 1 to 357 9 1 to 47 

each fide 2b 18 1 to 33 | 14 1 to 4 

with 315 22 1 0 % 18 1 004 
The ſame axis be- The moving pow- | The axis anointed 


ing dry, and re- 
ceived into lead ; 


The cylinder not 


er as before. 


, 


Drams. fric. to wr. 


with oil, the pow- 
er was 


Drams. fric. to wt. 


loaded 4 | 1 to 6 3 1 to 8 
Loaded on (15 7 1 to 55 6 | 2 to 6; 
each ſide A 25 8 G 1 to 7 
with 3tb 10 1 to 75 10 1 to 75 
The fame axis be- The moving pow- | The axis anointed 
ing dry, and re- | er ſuſpended as a- | with oil, the pow- 

ceived into braſs, | bove; er was 

The cylinder not | Drams. fric. to wt. | Drams. fric. to wt. 
loaded 4 | 1to6 3 1 to 8 

Loaded on (15 6 1 0 63 j 54 1 to 7 
each {ide < 215 8 1 to 7 7.. | 1 to jr 
with (35 10 | 1to74|] 94 | 1 to8; 


4 
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$. 345. For the better underſtanding theſe 
experiments we muſt know, that the little weight 
R was the moving power, and that this was 
ſuſpended about the cylinder AB, whoſe diameter 
was of 16 times the ſubſtance of the little axis; 
and that therefore the little weight R acted as a 
leaver, which was 16 times longer than the other 
arm, on which hung the weight to be moved. 
So that the little weight R multiplied by 16 gives 
the friction, which if divided by the ſum of the 
weights P-- Q AB, will exhibit the ratio be- 
tween the friction and the weight. 

$. 346. From theſe experiments it appears, 
that ſteel ſuffers the leaſt attrition in braſs ; then 
in lead, then in red copper, in lignum guaiacum, 
in ſteel, in pewter. 

$. 347. Moreover theſe experiments inform us, 
that the attrition will be increaſed when the weight 
of the moving body is increaſed, the ſame rub- 
bing ſuperficies continuing as before. Becauſe 
by a greater weight the parts are ſqueezed cloſer 
to one another, and therefore as the body is 
moved, either greater parts are to be bent, or to 
be broke off nearer to their baſes, in either of 
which caſes they give more reſiſtance. Secondly, 
it appears likewiſe from the experiments, that the 


increaſe of friction is not always exactly in the 


ratio of the increaſed weight. Thirdly, that the 
rules of attrition are particular, and muſt be de- 
rived from experiments made upon particular 
bodies, to which only they are proper. For the 
friction of ſteel in braſs tinged with oil is for the 
moſt part only equal to + of the weight, whereas 
the friction in pewter is often 4 of the weight, as 
it is alſo in ſteel and in lignum guaiacum. In red 
copper the friction is only + part of the weight. 
Laſtly two metals or woods of the farae kind are 

generally 
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generally more difficult to move upon one ano. i 
ther, and rub harder, than different woods or U 


metals; as long and conſtant experience has 
taught the workmen. And from hence again we 1 © 


may perceive, that M. Amontons's experiments 


were not made with accurate inſtruments ; for 
the friction is not fo great as that ingenious perſon 
ſuppoſes it. 

$. 348. The ſame body, though always of the 
ſame weight, and moved upon another, ſuffers a 
different attrition according to the various magni- 
tude of the rubbed furfacez and a ſurface of this 
body may be exhibited, that with this weight ſhall 
have the leaſt attrition poſſible. The reſt of the 
furface, whether greater or leſs, will be ſubject to 
a greater attrition. And this all accurate experi- 
ments conſtantly teach us. 

Some have affirmed, that a greater or a leſs ſur- 
face make no alteration in the friction, provided the 
body be loaded always with the ſame weight. For 
though when we increaſe the ſurface more parts are 
entangled in one another, theſe do not penetrate 


ſo far into one another ; theſe two circumſtances 1 
therefore compenſate one another. But if we t 
compare the table following with that of F. 342, l 
the difference will appear. I add only two exam- u 
ples, out of the many trials that I have made. I 

took a piece of fir wood, whoſe breadth was 24+ C 


inches, and length 13 inches, which I loaded with 
equal weights, as in & 342. This was moved up- 
on the ſame pieces of fir and box, as in the former 
experiments. | 


Upon 
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Upon the piece of fir, | Upon the piece of box, 
| the attrition was 
Loaded with Attrition was 
Ounces Prams |} Drams 
. . 10 
8 — 18 — 12 
JO —— 22 — — 15 
12 [U—E½“ 26 eee eee, 
EV 
16 —— 36 22 
18 —— 40 24 
Pounds Ounces Ounces Drams 
3 A 12 —n 0 — 4 
4 — 16 — 11 — 4 
FF 
5858 ——ů «Ü — 15 
e,, 7 Ag 
* 4} — 20 
I0 — 43 | — 27 


Some irregularities may be here obſerved, for 
upon the box-wood there was a greater attrition 
than in $. 342, though the loads were leſs, and a 
leſs attrition when the loads were greater: likewiſe 
in other trials I found many ſuch irregularities. 

$. 349. As ſoon as the rubbing ſuperficies be- 
come acute, and very penetrating, there can be 
no motion till the parts are broke and ſhaved off, 
1 which the attrition is very much increaſed. 

herefore I cannot agree with thoſe that affirm, 
that the attrition is increaſed whenever the rub- 
bing ſurfaces are increaſed, and thoſe being dimi- 
niſhed the attrition will be neceſſarily diminiſhed, 
Fi. 350. In the ſmaller velocities of bodies, the 
| attrition obſerves the ratio of the velocities, but 


not exactly. But in greater velocities the ratio of , 


attrition 


3 


Wl 
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attrition much increaſes, which obtains whether 
the moving bodies are dry, or whether they are 
anointed with oil. For when the ſteel axis of the 
tribometer turned round in red copper {ſmeared 
with oil, and the velocities were as 4, 6, 7, 8, 10, 
the attrition was as 1, 12, 2, 3, 4. And the attri- 
tion being the ſame, the velocities in dry copper, 
were as 14, 3, 5, 7, 8. When the velocity was 
greateſt in theſe experiments, or equal to 10, there 
were made 25 revolutions of the axis DD in the 
time of 2", 24". The attrition, which is made e- 
Tab. g. qual to 1, is to the weight moved, as 16 to 95. 

Fig. 7. $. 351. Oil between the parts of metals pro- 
motes the lubricity of motion, or leſſens the fric- 
tion. But eſpecially in greater velocities it makes 
the friction leſs, which 1s very great in dry bodies, 
and is always attended with an abraſion of the 
parts, which is taken away or leſſened by oiling ' 
the parts. Oil and greaſe ſmeared upon the ſur- | 
faces of bodies, take away from the attrition, by 
making ſmoother the rough places of the ſurfaces, 
and filling the cavities. Thence firſt the mutual 
penetration of the ſolid parts is diminiſhed, and 
the abraſion is prevented. And ſecondly, as oil 
conſiſts of globular parts, which are moved with 
great ſlipperineſs over one another, and in the 
cavities which they fill moved over the ſolid parts. 

And laſtly, as they hinder calefaction. 
$. 352. In machines in which ropes are uſed, 
or which are worked by means of ropes, conſi- 
deration muſt be had likewiſe of the rigidity of 
the-ropes, which does not give a little hindrance 
to the motion of machines. Mr. Amontons was 
the firſt that made experiments in this matter, 
which were afterwards repeated more accurately 
by Dr. Deſaguliers. Yet any conſtant rules can 
, never be given in this affair, becauſe the mou 
0 


al 


SM 


NATURAL PHILOSOPHY. 

of ropes will be different, either from being new, 
or from their various texture, in a moiſter or drier 
ſeaſon, or from their quicker or ſlower flexure 


about axes and pulleys, It is ſufficient for us to 
have given a hint of this; 


CHAP, 
Of Compound Motion. 
8 353. T HAT motion is ſaid to be compound, 


which conſiſts of more motions 
than one. 

§. 254. Various motions may concur with one 
another, and either conſpire towards the ſame 
quarter, or towards the oppoſite one, or to ſeve- 
ral others. 

F. 255. If the rectilinear motions, by which a 
body is attracted, is impelled, is drawn, conſpire 
together, then the body, acted upon by all theſe, 
will be carried by that velocity, which is equal 
to the ſum of all the compounding velocities. 
Thus, if we conceive a ſhip tailing from welt to 
eaſt, and a ſailor fitting in the ſtern, he will 
move with the ſame motion and velocity as the 
' ſhip moves. But now let us ſuppoſe the ſailor to 
run from the ſtern to the head of the ſhip; then 
he will be carried by a double motion: one is that 
which he has in common with the ſhip, and the 
other is his own proper motion. And the velocity 
of the ſailor from welt to eaſt will be compounded 
of his own velocity and that of the ſhip. And 


now let us ſuppoſe the waves of the fea to be 


carried towards the eaſt, and to carry the ſhip 
along with them. Then the motion of the ſailor 
will be compounded of theſe three motions. 


Laſtly, if the earth itſelf has a rotation towards 
Vol. I. 1 the 
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the eaſt, the ſailor will partake of this fourth 


motion alſo, and his velocity will be equal to the 
aggregate ariſing from all theſe velocities. 

§. 356. If the motions have oppoſite directions, 
the velocity with which a body 1s carried will be 
equal to the difference of the velocities. Let the 
ſailor ſtand in the ſhip which is drove by the 
winds from weſt to eaſt, and now let him run from 
the ſtern towards the head with half the velocity 
with which the ſhip moves, and the true velocity 
of the ſailor will be equal to half the velocity of 
the ſhip's motion. This motion of the ſailor 
is compounded of his own proper motion, and 
the common relative motion. 

§. 357. If the body A is moved in the direction 
AC, with an equable velocity, and 1s alſo im- 
pelled by another power in the direction AB, 
and with ſuch a velocity, as that it would have 
deſcribed AB in the ſame time as AC, if it had 
been only actuated by the laſt cauſe ; then being 
acted upon by both cauſes together, it will move 
in AD the diagonal of the parallelogram ABCD, 


whole two ſides are both the directions A C and 


AB. | 

Let a be a fly, AC a ruler on which it is walk- 
ing, which is divided into equal parts at e, g, 1, 0. 
Let this ruler together with the fly be carried by 
ſome cauſe or other in the direction AB, ſo that 
it may always remain parallel to itſelf; and let 
AB alſo be equally divided in F, H, K, M. Then 
in what time the fly deſcribes the part of the ru- 
ler Ae, the ruler is transferred to FE, ſo that 
at the end of the firſt time the fly will be in E. 
And when 1t has deſcribed the part of the ruler 
t g, this will be carried to GH, ſo that at the 
end of the ſecond time the fly will be in G. It 


proceeds to walk as far as i, where it arrives after 
| 2 | | the 
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the ruler is transferred to KI. Then it moves as 
far as o, while the ruler is moved to MO; and 
at laſt it comes to C, at the ſame time as the 
ruler to BD : ſo that the fly really deſcribes the 
diagonal AD. Juſt in the ſame manner the free 
body A will move, when it is preſſed, impelled, 
or drawn by two powers acting together, accord- 
ing to the directions aforeſaid. 

$. 358. Becauſe the diagonal AD of the paral- 
lelogram, is always leſs than the ſum of both the 
ſides AC, AB, a ſhorter way will be deſcribed 
by a body acted upon by two powers together, 
than if both thoſe powers ſhould act at different 

times, in drawing or impelling the body. 
FS. 359. The fame cauſes continuing, which 
act upon the body, the ſpace deſcribed by the 
body in a given time will be ſo much the greater, 
the more the directions conſpire with each other, 
or the ſmaller the angle is, which 1s contained by 
the directions; on the contrary, the ſpace deſcribed 
by the body will be ſo much the leſs, the more 
the directions are oppoſed to each other. For 


let the directions be AC, AB, and the diagonal Tab. 6. 
of the parallelogram deſcribed by the body will Fig. 2. 


be AD. If the directions had conſpired more, 
as Ay, AB, the diagonal would have been Ad. 
greater than AD, becauſe the angle A) is greater 
than ACD. If the directions ſhould be Ax, AB, 
the diagonal would be AA, leſs than AD, be- 
cauſe the angle AxA is leſs than ACD. 

$. 360. The length of the ſpace would be 


known, which is deſcribed by a body acted upon 


by two cauſes, if the velocity is known which the 
body receives from each power ſeparately ; as 
alſo the angle being given which is comprehended 
by the directions of thoſe powers. 
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For let the velocities acquired by each power 


acting feparately be as AB, AC, and let the 
arigle of the directions be BAC; it's complement 


'to two right angles will be the angle ABD, com- 


prehended by the two given right lines AB, BD; 
therefore by the help of trigonometry the length 


of the line AD may be found. | 
$. 361. In like manner may be known the 


| ſpace and velocity of a body which is acted upon 


by ſeveral determinate cauſes together. For after 
the fpace and velocity of the body acted upon 
by two powers have been determined, this com- 

ared with the determination of a new cauſe 
will exhibit a new diagonal; and ſo proceeding 
till we come to the laſt, we ſhall arrive at the 
ſpace deſcribed by the body, when it 1s acted 
upon by all the cauſes together. 

For the Body A acted upon by the two powers 
at E, D, with the directions and velocities AB, 
AG, deſcribes the diagonal AH; and acted upon 
now by the power at C, with the direction and 
velocity AF, will deſcribe Al. And beſides acted 
upon by the power at M, with the direction and 
velocity AK, will deſcribe AL. Therefore AL, 
will be the ſpace and velocity of the body, acted 
upon by the powers E, D, C, M, at the fame 
time. 

§. 362. And whereas the ſame line AB may be 
the diagonal of infinitely different parallelograms, 
ACBD, AEF B, Sc. it appears, that a body 
may deſcribe the fame fpace with the ſame velo- 
city, when acted upon by very different powers : 
As here by AC, AD, as alſo by AF, AE. 

F. 363. Any of theſe being aſſumed at plea- 
ſure, will always produce the fame effects. 

$. 364. But when a body, actuated by ſeveral 
cauſes together, ſhall deſcribe a right line, which 
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it might have deſcribed if acted upon by one 
cauſe only, if it had been directed in this line; 
inſtead of this one cauſe or power moving the 
body, we may aſſume ſeveral cauſes that would 
perform the ſame thing. Or inſtead of ſeveral 
cauſes, we may ſubſtitute one only, which would 
produce the ſame effect. Thus inſtead of the 
power P that moves the body with the direction 
and velocity AH, we may ſubſtitute the two 
others, E, D, which would give the directions 
and velocities AB, AG. 

Alſo inſtead of the powers E, D, C, M, which Tab. 4 
produce the motion AL in the body A, we may Fig. 3 
ſubſtitute the power N directly producing the 
effect AL. | 

F. 305. This various conſideration of powers 
combined or reſolved, is called the compoſition or [ 
rejolution of motion; which is of very great uſe 1 


in underſtanding the effects of bodies, that act 
obliquely upon others. For if the body A im- Tab. 
pinges with an ovlique direction AB upon the Fig; 
obſtacle HB, the direction AB may be concerved 1 
to be reſolved into AC, parallel to the obſtacle, þ 
by which the body does not at all act upon it, . 
and into CB perpendicular to the obſtacle, by ; 
which the body ſtrikes it with it's whole force. It 
therefore the velocity AB = 5, the whole force of 
the body A will be =25. Let AC=4, and 1 
CB=3. The force of percuſſion in the point {0 
B will be = 9. The uſe of this doctrine extends i 
lo far, as to determine. the action of different | 
powers, that either attract, preſs, or impel one | 
another, | | 
F. 366. If three powers A, B. C, drawing or Tab. 
prefling with their directions, concur in the fame 18. © | 
point D, and keep one another in æαiilibrio, their | W 
magnitudes will be to one another as three right \ 
L 3 lines © 
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lines DG, GE, DE, which are parallel to the 
direction of the powers, and by their meeting 
form the triangle DGE, or DEF. 

For if the power B, attracting the point D, 


had imparted to it the velocity DG; and if the 


ower C attracting it alſo, had communicated to 
1t the velocity DF; the point D would have 
moved in the diagonal DE of the parallelogram 
GDFE. Therefore that the power A may keep 
the point D at reſt, it muſt be ſuch as would 
have imparted to it the velocity ED. But powers 
moving an equal obſtacle, are to one another as 
the velocities communicated to the obſtacle, by 
§. 165. Therefore the power A will be as DE, 
B as DG, Cas DF GE, and therefore the trian- 
gle EGD exhibits the ratio of the powers. 
$. 367. But the ſine of the angle ADB or 
BDE is EG, and the fine of the angle ADC or 
EDF or DEG is expreſſed by GD; and hence 
the ſine of the angle BDC or EGD is expreſſed 
by ED. So that the power B will be to A as the 
ſine of ADC is to the ſine of CDB. And A is 
to C as the ſine of CDB is to the ſine of BDA. 
$. 368. Allo the magnitude of three powers is 
determined by means of three right lines, which 


are perpendicular to the three directions, and by 


their meeting form a triangle. 

Let there be three powers A, B, C, as before, 
which counterpoiſe one another; and let there be 
made a triangle DPQ by lines parallel to the three 
directions, then let the three perpendiculars FE, 
E. G, FG, be drawn to the directions of the 
powers. Let BD be continued to M, and CD to 
N. The triangle DMK will be ſimilar to HME, 
and therefore the angle MDK — HEM — HD#F 
= DPO. Alſo the triangle DNK will be fimilar 


to LNG, and the angle NDK = LGN = PDO: 
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ſo that in the triangle EFG the angle EFG = 
PDQ. Therefore the triangles E FG, P QD 15 
are ſimilar, and the fide EG will repreſent the 1 
power A, EF will repreſent B, and FG will re- 14 
preſent C. 7 

The uſe of this propoſition is of great extent, 
in determining three powers in æquilibrio, as will 


appear from the following examples. 10 
$. 369 If AB be an inclined plain, on which Tab. 6. | 


is laid the weight C, which is ſuſtained by the Fig. 8. 418] 
ower P; here will be three powers, one of which 

is the plain ſuſtaining the weight G, and acting | 
according to the direction GC. Secondly, the 


gravity of the body C, which directs it perpen- 
dicularly to the horizon. And thirdly, the power 
P. Now drawing three lines perpendicular to 
the three directions, OA to the direction of the , 
plain, DO to the direction of the power, and AD 
to the direction of gravity ; of this triangle ODA f 
the fide DA will expreſs the weight, OA the 1 
action of the inclined plain, and OD the power. | 

$. 370. If the body C ſhall be between two 
inchned plains AB, DB, here again will be three Tay. 6. 
powers, which are determined by means of the Fig. g 
triangle EB G, whoſe ſides are perpendicular to 
the directions of the powers. x 

Now fince the two ſides of the triangle EB, BG, 
exceed EG, the action of the body C upon the 
two plains AB, BD together, will be greater 4M 
than the action of it's gravity alone. Secondly, 
the ſteeper the two plairs AB, BD are, the 
greater will the action of the body C be upon 
them. Thirdly, if both the plains alike inclined 
ſhall make an angle of 60 degrees, the action 
of the body C upon the plains ſhall be as great 
again as it's abſolute weight. Laſtly, if the plains 
AB, BD form an angle ABD of go degrees, the 
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action of the body C upon the plains ſhall be to 
it's weight, as the two ſides of the right-angled 
triangle is to the hypoteneuſe. 

§. 371. In the like manner as the magnitude 
of three powers is determined, may four, five, or 
more powers, that are in æquilibrio to one another, 
be known and diſcovered. For let there be four 
powers B, D, E, F, drawing the point C. Let 
the point O be taken at pleaſure, and draw AO 
parallel to CD, and AD parallel to CO; as alſo 
the diagonal AC, which let be continued on the 
oppoſite ſide to a; ſo as CA=Ca. Then let aE 
be drawn, parallel to CF, and aF parallel to CE. 
The four powers B, D, E, F will be as CO, CD, 
CE, CF reſpectivelyr. 

Let there be five powers B, D, E, F, G, draw- 
ing the point A, Let AD be taken at pleaſure, 
and DC be drawn parallel to AE, and the diago- 
nal AC. Cut off AF at pleaſure, and let Fh be 
drawn paralleL to AG, as alſo the diagonal Ah. 
Upon Ac, Ah let a parallelogram be conſtructed, 
whoſe diagonal 1s Ab, which 1s made of BA pro- 
duced. Thus will the five powers be determined. 


HAAR XI. ; 
Of the deſcent of heavy bodies upon an inclined plain. 


9.372. Ja heavy body Adeſcends upon a plain 
AB, which 1s inclined to the horizon 


2. CB; it will be carried by a compound motion, 


of which CB is parallel to the horizon, and the 
other CA perpendicular to it. As to it's motion 
AC, the body is to be conceived as falling freely, 


and therefore it falls along the inclined plain with 


a velocity continually accelerated, by & 235 and 
the ſpaces deſcribed are as the ſquares of the times 
or the celerities, and the forces will be as the ſpa- 
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ces, by F. 238. The celerities from A to B, and 
from A to C, will be equal, becauſe the body fall- 
ing from A to B, deſcends juſt as much as from 
A to C. Now it acquires velocities only ſo far 
as it really deſcends. 

$. 373. Now becauſe the force of gravity from 
A towards B, to that from A towards C, is as AC 
to AB; in every point of it's paſſage, by F. 321. 
the velocities generated by theſe forces will be as 
AC to AB: and therefore the ſpaces deſcribed in 
equal times will be in the ſame proportion, So 
that the ſpace deſcribed upon AB will be to that 


deſcribed by a falling body in the ſame time as 
AC to AB. | 

F. 374. If therefore from any point C in the 
perpendicular AC, be drawn CD perpendicular 
to the plain AB; the ſpaces AC and AD will be 
deſcribed in the ſame time by falling bodies. Be- 
cauſe it is AB. AC:: AC. AD. 

F. 375. Let AE be another plain, of the ſame 
altitude as the former, upon which from C let the 
perpendicular CF be drawn. The ſpaces AC, AF 
will be deſcribed by heavy bodies in the ſame time, 
by F. 374. But the {paces AC, AD will likewiſe be 
deſcribed by the ſame bodies in the ſame time, and 
therefore both the ſpaces AF, AD will be deſcrib- 
ed in the fame time. 

$. 376. The time in which AF is deſcribed is 
to that in which AF is deſcribed in the ſubdu- 
plicate ratio of AF to AE; that is, as AC to AE. 
And the Time in which AD is deſcribed is to that 
in which AB is deſcribed in a ſubduplicate ratio 
of AD to AB, that is, as AC to AB. Therefore the 
time in which AE is deſcribed is to that in which 
AB 1s deſcribed, as the length of AE to that of AB, 

F. 377. If AC the diameter of a circle ſtands 
perpendicularly upon the horizon BC, and room 

the 
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the extremities A or C be drawn any chords what. 
ever AC, AF, AD, CF, CD; all will be deſcrib- 
ed in the ſame time by a falling body. 

For becauſe the angle of the ſemicircle is a right 
angle, CF will be perpendicular to AF, and there- 
fore AC and AF will be deſcribed in the ſame 
time. And for the ſame reaſon the lines AC and 
AD will be deſcribed in the ſame time. And be- 
cauſe from A a chord AM may be drawn, which 
is parallel and equal to CD; and AL is parallel to 
FC. But AM, AL, AC are deſcribed in equal 
times, and DC, FC will be deſcribed alſo in the 
ſame time. And therefore all the chords in this 
circle, that are terminated at A or C, will be de- 
ſcribed in equal times. 

$. 278. Allo the velocities of the bodies, de- 
ſcribing theſe chords, will finally be as the lengths 
of the chords. | . 

For the velocity of the body, falling from O to 
C, is cqual to that from F to C: and that from 
P to C will be equal to that from D to C, by 6. 
372. Bur the velocity of a body falling from A 
to C, to that from O to C, is in the ſubduplicate 
ratio of AC to OC, that is, as A C to FC. So 
the velocity of a body falling from A to C, 1 
to that from P to C, in the ſubduplicate ratio of 
AC to PC, thatis, as AC to DC. Therefore the 
velocity from F to C, to that from D to C, will 
be as FC to DC. 

$. 379. If a body deſcends. from any altitude 
upon any number of plains, contiguous and any 
how inclined to one another, AB, BC, CD; it 
will acquire the ſame velocity in the laſt point P, 
as it would in falling perpendicularly from the 
ſame altitude ND. | 

For in paſſing from A to B it acquires the ſame 


velocity in B, as if it had fallen from O to B, or 
a 
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as if it had moved from E to B; ſo that we may 
conſider it as having moved upon EB, and to con- 
tinue it's motion upon EB produced to BC. But 
moving upon EBC it will acquire the ſame velo- 
city in C, as in moving from M to C. But mov- 
ing from F to C, it would have an equal velocity. 
Therefore it deſcribes CD, as if it had come from 
FC. Then moving from hence upon FC D, it 
acquires the ſame velocity in D, as it would have 
by falling perpendicularly from N to D; and there- 
fore the body falling along AB, BC, CD, has at D 
the ſame velocity as by falling from N to D. 
$. 380. Becauſe a curve-line may be conſider- 
ed as compoſed of an infinite number of ſmall 
right lines comprehending infinitely ſmall angles 
with one another; a curve will be nothing elſe 
but a collection of certain plains, AB, BC, CD, 
contiguous to one another. So that if a body falls 
along ſuch a curve from A to D, it will acquire 
the ſame velocity at D, as if it had fallen the ſame 
perpendicular height from N to D. 
§. 381. Therefore a body falling either in a 
curve, or along inclined plains will acquire ſuch 
velocity and ſuch a force in the loweſt point D, 
as would make it aſcend the ſame height, whether 
along a curve, or along an aſcending plain. 
$. 382. If two bodies fall along two or more 
plains, that are alike inclined and proportional, 


that is, AB. BC:: DE. EF. The times em- Tab. 7. 
ployed in deſcribing theſe will be in a ſubdupli- Fig. 1. 


cate ratio of the lengths of the plains ABC, DEF. 

Let ABC, DEF be the plains, and through the 
points A and D let the horizontal lines AG, DH 
be drawn; then CB and FE being produced to 
Gand H, becauſe of the ſimilitude of the trian- 
gles ABG and DEH, it will be AB. DE:: BG. 
EH: : BC. EF: : GC. FH. But the time in 
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| which the plain AB is deſcribed, is to that in which 
| DC is deſcribed, in the ſubduplicate ratio of AB 
! | to DE; becauſe both are as it were the ſame 
plain. And the time in which GC is deſcribed, is 
to that in which HF is deſcribed, in the ſubdu- 
plicate ratio of GC to HF. And the time in which 
þ BG is deſcribed, is to that in which E H is de- 
ſcribed, in the ſubduplicate ratio of GB to EH, 
i Therefore the time along BC is to that along EF, 
| in the ſubduplicate ratio of BC to EF. And the 
| time along AB + BC is to that along DE + EF, 
1 in the ſubduplicate ratio of AB BC to DE EF. 
Tab. 7. §. 383. Therefore if there are two curves DE. 
Fig. 2. and AB, that are like and alike poſited, theſe 
will not differ from plains infinitely ſmall, conti- 
guous to one another, alike inclined and propor- 
= tional. Therefore the time along DE, will be to 
that employed by the body in deſcribing AB, in 
the ſubduplicate ratio of DE to AB, 
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HAP. Al 
Of the vibration of Pendulums. 


§. 384. A Heavy body ſuſpended by a ſmall 

A thread, about one extremity of which, 

as a center, it can move with an angular motion, 

| is called a pendulum. | 

Tab. 7. The thread BA is to be conceived as having no 

Fig. 3. gravity, and alſo to be perfectly flexible at it's ex- 

tremity B, and to move about this center without 

any attrition, and to vibrate in a vacuum. This 

will be a imple pendulum. There is likewiſe a com- 

Lab. 7. pound pendulum when ſeveral bodies, as A, B, are 
Fig. e. connected by the ſame thread CA. 

§. 585. If a pendulum DA be diverted from it's 

natural ſituation, which is perpendicular to the 

horizon, 
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horizon, to any other whatever BC, and then be 
let looſe to itſelf ; it will deſcend as much as may 
be by the force of it's gravity, till it returns to the 
ſituation BA, in which it is in the loweſt point it 


3 


can arrive at. In this deſcent it will acquire ſo Tab. 
much velocity, as that it can aſcend on the other Fig. 3. 


fide to the height AD, equal to that from whence 
it fell, by §. 381. Now becauſe it moves angularly 
about the center B it deſcribes the arch of a circle 
by it's motion: and after it aſcends to the oppo- 
ſite ſide D, all it's velocity will be loſt, and there- 
fore by it's gravity it will again deſcend to A; 
and by the velocity it will there have acquired, it 
will aſcend again to C. For at the point Cletthe 
right line CO be drawn touching the arch, and let 
BC be produced to E. Then let CI be perpendi- 
cular to the horizon, and compleating the paral- 
lelogram EIOC, the body thus raiſed and placed 
in C, will be in a free ſtate upon the tangent CO. 
And as the abſolute gravity 1s repreſented by CT, 
and this may be reſolved into CE,, CO, of which 
CE acts only upon the thread CB, or upon the plain 
CO; by the force CO the body will deſcend upon 
the plain CO. And becauſe the arch may be con- 
ceived as compoſed of innumerable tangents infinite- 
ly ſmall, the body C will move along CA in the 
ſame manner, whether it is at full liberty, or whe- 
ther it be tied by the thread CB. Theſe goings 
and returnings of the pendulum reciprocally, are 
called it's oſcillations, or vibrations. 

$. 386. Becauſe the pendulum BA being raiſed 
to C, and deſcending — thence acquires ſuch a 
velocity by it's gravity, as will make it aſcend to 
an equal altitude AD, and then deſcending from 
D it will again aſcend to C; a pendulum once in 
motion will vibrate for ever, and will complete it's 
oſcillations from C to D, and from D to C, al- 
ways in equal times. But 
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Tab. 7. 
Fig. 4. 
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But this cannot be made manifeſt by any experi. 
ment; for by no art can we obtain a place for it, 
that is void of all matter, or without any reſiſt. 
ance. For fire and light will penetrate through all 
veſſels; and though fire be a moſt ſubtil fluid, 
yet it reſiſts bodies that move through it. And 
ſecondly, any thread whatever will be ſomething 
rigid at it's extremity B, and will therefore oppoſe 
flexure. And if the extremity B be formed like a 
ſmall axis, yet ſtill it will ſuffer ſome friction in 
the aperture. Theſe are the cauſes that every vi- 
brating pendulum, aſter ſome little time, will 
loſe all it's motion, and be reduced to a ſtate of 
reſt, 

F. 387. If a very long pendulum AB ſhould 
deſcribe a very ſmall arch of a circle FA, by a very 
ſmall vibration, it would move in a line which 
would hardly differ from the chord of the circle 
FA. Therefore in moving half it's oſcillation it 
would take up ſo much time, as another body 
would take up by falling perpendicularly along the 
diameter of the circle; that is, the double length 
of the pendulum, by F. 377. And while it com- 

letes an intire oſcillation, FAG, ſo much time 
would be taken up, as the body might fall through 
four diameters of the ſame circle, that is, through 
eight lengths of the pendulum. 

$. 388. If two pendulums AB, CD, of differ- 
ent length, ſhould vibrate in ſimilar arches, EBF, 
GDH, their times of vibration would be in a ſub- 
duplicate ratio of their lengths AB, CD. 

For the time of the fall along AR, by FS. 381. 
is to the time along a ſimilar and ſimu21i7 poſited 
curve G D, in the ſubduplicate ratio of E B 
to GD. But ſimilar arches are as the radu of the 
circles AB, CD. Wherefore the time along E B 
is to that along GD, in the ſubduplicate ratio of 
AB to CD. F. 389. 
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$. 389. And therefore the lengths of the pen- 
dulums AB, CD, are as the ſquares of the times, 
in which the vibrations are performed. 

If the pendulum AB be 4 feet,and that atCD 
be 1 foot, the time from E to B to that from G 
to D, will beas 2 to 1. For the ſquares of theſe 
numbers are 4 and 1. 

$.. 390. The velocity of a pendulum in it's low- 

- eſt point 1s as the ſubtenſe of the arch, which it 
deſcribes in it's fall. 

For let the pendulum AB deſcribe the arch Tab. 7. 
DB, and let DE be drawn perpendicular to AB, Fig. 5: 
then the velocity of a body falling from D to B, 
will be equal to that from E to B. But that from 
E to B to that from G to B, will be in the ſubdu- 
plicate ratio of EB to GB, that is of BD to GB. 

In like manner let CF be drawn perpendicular 

to AB; then the velocity from C to B is equal to 

that from F to B; but that from F to ; is to that 

from G to B, in the ſubduplicate ratio of FB to 

GB, that is, of CB to GB. Therefore the velo- 

city from D to B will be to that from C to B, as | 

the ſubtenſe DB is to CB. |! 
Wherefore if the ſubtenſes are taken as 1, 2, 2, N 

and adapted to the circle from the loweſt point B, 

the arches BI, B2, B g, will be cut off, from 

whence the pendulum being let fall, will have 

velocities in this loweſt point B, which will be as 

I, 2, 3. Therefore by this means we ſhall be able wr 

to give as many degrees of velocity as we pleaſe to 1 

a falling body. On this foundation the ſtriking ; 

machine is conſtructed, by which we may com- 14 

municate any degrees of celerity required to fall- 4 

ing bodies. | 
F. 391. If two pendulums CP, cp, are given, Tab. 7. 

| whole lengths are to one another as the gravities Fig. 6. | 

| by which they are agitated, their vibrations wall gel. 

be of equal duration. | Let 


. 
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Let the pendulums be conceived to move in fi 
m1lar arches ; then in points that correſpond to one 
another, their gravities will always have the ſame 
ratio to one another, and will produce velocities in 
the ratio of the lengths of the pendulums, which 
ratio the ſimilar arches have alſo. Wherefore they 
will be deſcribed in equal times. 

$. 392. If both the pendulums CP, cp, are re- 
duced to the ſame length, their times of vibr- 
tion will be in a ſubduplicate ratio of their gravi- 
ties reciprocally. 

Let cq— CP. The time of oſcillation in c q 
will be to that in c p, in the ſubduplicate ratio ot 
cq to cp. But the time of oſcillation along cp 


is equal to that along CP. Wherefore the time of 
oſcillation along c q is to that along CP, in the 


ſubduplicate ratio of eq to cp. But c q is to cp 


as the force of gravity in CP to that in c p. And 
therefore the time of the oſcillation of cq is to the 


time of the oſcillation of C P in the ſubduplicate 
ratio of the force of gravity inverſely. 

This propoſition is neceſſary for what I took 
notice of, F. 226. concerning the different force 
of gravity in different parts of the earth. For 
when the force of gravity of a vibrating pendulum 
is increaſed, it will perform it's vibrations ſooner, 
Therefore that theſe may be iſochronous with the 


former, the pendulum muſt be lengthened. On 


the other hand when the force of gravity decreales, 
the pendulum vibrates ſlower, which therefore 
muſt be ſhortened to continue iſochronous. There- 
fore if in a certain region of the earth the pendu- 
lum muſt be ſhortened, there the force of gravi- 
ty will be leſs; and if a longer pendulum is re- 
quired, there the force of gravity will be greater. 

$. 393. If it be a compound pendulum whoſe 
time of oſcillation is required, firſt the center of 
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oſcillation muſt be inveſtigated. For the diſtance 
between this and the center of motion gives the 
length of a ſimple pendulum, which will be iſo- 
chronous with the compound one. That center 
of oſcillation will be found, if every weight is 
multiplied by the ſquare of it's diſtance from the 
center of motion, and if the ſum of the products 
be divided by the ſum of the weights, when drawn 
into their diſtances from the center of motion. 
Hereto belong many more things not only 
worth knowing but very neceſſary, which may be 
ſeen in the great Huygens's excellent treatiſe de horo- 
logio oſcillatorio; which we are compelled here to 
omit, partly becauſe they are too abſtruſe for 
young beginners, and partly becauſe of the nar- 
row limits to which we muſt confine ourſelves, 


CHAP. XIII. 
Of the motion of Projettiles. 


F. 394. VER heavy body projected in a 

free ſpace according to a horizontal 
line, or according to a right line any how inclined 
to the horizon, will be urged by two motions; 
one proceeding from the projecting force, and the 
other ariſing from gravity. Wherefore according 
to the laws of compound motion already delivered, 
it will always be found in the diagonal of a paral- 
lelogram, which is conſtructed with the directions 
of both the powers. 
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For let A be projected in the horizontal direc- Tab. 7. 


tion A H, and let A H be divided into equal Fig. 6.** 


parts AB, BG, GH. In the ſame time as the body 
is carried over the ſpace AB, it will deſcend be- 
cauſe of the gravity continually acting. Let this 
deſcent be equal to BE, and therefore the body 

Vol. I. * Will 
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will be urged by the compound motion AB, BE, 
and will be found in the diagonal A E. In the 

next time 1t will be carried by the motion B G or 

E M, and becauſe of it's gravity it will deſcend 

the quantity MF, three times as great as BE, and 

therefore will be found in the diagonal EF. In the 

third time it will deſcribe the ſpace FO, equal 

to GH, and at the ſame time, becauſe of it's gra- 
vity, it will deſcend the quantity OL, five times 

| greater than AK, and hence it will be in the dia- 

| gonal FL. And in like manner the motion of the 

body A is to be eſtimated, when it is projected 

according to any other direction, or inclination to 
the horizon. 


§. 395. All theſe diagonals AE, EF, FL, when 
conjoined together will not conſtitute one continu- 
ed right line, ſince in the body the motion of pro- 
jection is equable, but that which ariſes from it's 
Tab gravity is accelerated. Therefore if the line AH 
pie. Pe is ſuppoſed to be divided into infinitely ſmall 
= parts, and if all the diagonals of the infinitely ſmall 
parallelograms are conſidered, theſe will compoſe 
; a curve, which will have the properties of a para- 
Tab. 7. Bola. For the nature of this curve is, that if AB 
Fig. 7. be it's axis, and CD, EF it's ordinates; it will 
be AC. AE: : CDq.EFq And if KL be a 
diameter, and MO, PL it's ordinates, it will be 
KO. KL::MOq.PLq Which alſo obtains 
in the motion of a body projected. For in Fig. 
6.** it is BE. GF:: ABq, AGq. 

Wherefore the parabola may be uſed in deter- 
mining the motions of bodies, when projected in 
vacuo : and this is the foundation of the art of iW 
gunnery. £ 11 

$. 396. Let the mark C be propoſed to be T 
ſtruck by the projected body A, and let the velo- t 
city of the projectile be ſuch, as a body would ac- W 
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quire by falling the perpendicular altitude DA; 
the directions of the body A may be diſcovered in 
this manner. Let there be taken AP perpendicu- 
lar to the horizon, four times greater than AD, 
and let this be divided into two equal parts in the 
point G. Through this point let there be drawn 
HGK parallel to the horizon. From A to the 
mark C conceive a right line AC to be drawn, to 
which let the perpendicular AK be erected. Then 
center K, and radius AK, let a circle be deſcrib- 
ed, which may be cut in E and I by the right 
line BI, paſſing through the mark C, and 2 854 
dicular to the horizon BA. If A be directe 

cording to AE or Al, it will ſtrike the point C. 
For in the ſame time as a body falls from the 
height DA with an accelerated motion, with the 
velocity acquired in A it may deſcribe the double 
of DA by an equable motion. Therefore the time 
2 along the double of DA is to that along 
AE, as 2 D A to AE, ſuppoſing the ſame velo- 
city. But that the mark C may be hit, the time 
along AE ought to be equal to that along EC. 
And the ſquare of the time along D A is to 
the ſquare of the time along EC, as DA to EC, 
by an accelerated motion. Therefore 4 DAq. 
AEq::DA.EC; and drawing the extreme 
and mean terms into one another, it will be 
4DAqxEC=AEqxDA. And all being di- 


vided by DA, it will be 4 DA x EC = AEq, and 


therefore 4 DA. AE : : AE. EC. It mutt now 
be demonſtrated, that this will obtaiꝶ in the con- 
ſtruction aforegoing. 

The two triangles APE and. ACE are ſimilar. 
For the angle CEA = EAP, becaule of the pa- 
rallels CE and AP. Allo CAE=APE, and 


therefore PA. AE::AE.EC;orPA= +5 J. But 
DEE | M2 HA == 


ac- 
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PA = 4 DA. In like manner the triangles PA] 
and AIC are ſimilar ; for the angle PAI = AIC, 
and API = CAI. Hence PA. AI:: AI. IC. 


And therefore it is PA = nk 


. 39 7. If the mark to be ſtruck is in the hori- 
zontal line at B, AK will comcide with AG. 

$. 398. If the mark is „ or g, the direction 
AH is required; and whereas the diſtances of the 
body from the mark are called it's ranges, the 
range will then be greateſt, if the mark is in the 
horizontal line, when the direction AH makes 
half a right angle with the horizon. And all o- 
ther directions, that are equally diſtant from H 
on either ſide, will produce a leſs range, and the 
ſame horizontal point will be ſtruck. . 

All theſe concluſions have been formerly con- 
firmed by Torricelli, Romer, and others from the 
projection of mercury by a machine called the mer- 
curial fountain; and in like manner have been ex- 
hibited to view by myſelf alſo. What has been 
delivered, concerning the motion of projectiles, by 
Torricelli, Keil, Cotes, and Newton, deſerves well 
to be conſulted 3 the laſt of whom has made it 
plain, that when bodies are projected in a reſiſting 
medium, they will not move in a parabola, but in 
another curve approaching nearer to an hyperbola. 


CHAP. XIV. 
Of central Forces. 


$. 399. IF a ſtone is put into a ſling, and whit 

ed about, when diſcharged from the 
ling, it proceeds to move in a right line, which 
is a tangent to it's orbit. As long as it continues 


to whirl in the ſling it endeavours to fly off ' 
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the tangent, and draws the hand which holds the 


fling, and is as it were the center of the orbit. That 
force of the ſtone exerted upon the hand, by which 
it endeavours to recede from the center, is called 
the centrifugal force. 

400. But as long as the hand holds the ſling, 
and w hirls it about, it draws the ſtone towards 
itſelf, that is, towards the center of motion; and 
this 1s called the centripetal force. And both theſe 
forces by a common name are called central forces. 
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$. 401. Therefore a body cannot revolve about Tab. ». 
2 center, or in a curve- line, unleſs it be acted upon Fig. 9. 


by more than one cauſe of motion. For let the 


center be C, and the moving body be A, which 


would continue it's motion in the laſt part of the 
curve, which being produced is it's tangent AB ; 
but if a new cauſe ſupervene, that in the mean 
time ſhall urge it towards C with the quantity BE, 
it will movein AE. And at E it would again go 


off by the tangent EF, but being ftill urged to- 


wards the center C by the quantity FG, it will 
move in EG. Therefore ſeveral cauſes muſt ne- 
ceſſarily concur, to oblige a body to revolve about 


any center C. 
9. 402. If a body A moves in a curve-line a- Tab. 5. 


bout a center C, by a force tending to that center, Fig. 10. 


it will deſcribe areas about it which are propor- 
tional to the times. 

For in any time let A be carried in the right 
line AB. In an equal time it would proceed to 
move in the right line BL = AB. But in the 
mean time let it be impelled towards the center C 
by a motion as LD, parallel to BC. Then by a 
compound motion it will deſcribe the right line 
BD. Let CA, CB, CL, CD be drawn. The tri- 
angle C B A will be equal to the triangle of the 


ſame altitude CB L, and this will be equal to 
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Fig. 11. 


Tab. 7. 
Fig. 12. 
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BDC, being upon the ſame baſe and between the 
ſame parallels. But the triangles CBA, CBD, 
may be called the areas deſcribed by the moving 
body about the center C. After the ſame man- 
ner the body in the right line BD would continue 
it's motion in DE; but as it is urged by a motion 
EF parallel to DC towards the center C, it will 
move in DF, and deſcribe the triangle DFC = 
DEC = BDC = ABC in equal times. Now if 
AB, BD, DF, are indefinitely ſmall, they will 
conſtitute a curve-line. 

$. 403. The' centrifugal force may be deter- 
mined after various ways. For if the body A 
moves in a circle about the center C, from A as 
far as B, being then left at liberty it would pro- 
ceed in the tangent AD, and therefore would re- 
cede from the center the quantity BD; which as 
it expreſſes the ſpace which the body would have 
deſcribed by the preſſure or attraction, will denote 
it's centrifugal force. This right line BD is equal 
to the ſecant of the arch A B, ſubducting the ra- 
dius CB. 

F. 404. The centrifugal force may alſo be de- 
termined in this manner. Let the arch AB be in- 
definitely imall, ſo as that it may be eſteemed as 
a right line. Ab is it's tangent, which will be 
perpendicular to E A. And hence BD, which 
meaſures the receſs of the body A from the cen- 
ter, will repreſent it's centrifugal force. From B let 
the perpendicular BI be drawn to AE, then Al = 
BD. But it is EA. AB:: AB. Al. and therefore 


Al = <A do that the centripetal force BD 1s 
equal to the ſquare of the arch deſcribed AB, di- 
vided by the diameter of the circle EA. 
F. 405. The time employed by the moving 
body, in completing an intirerevolution about the 
center, is called it's periodical time, F. 406 
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$ 406. This depends on the velocity of the 
body, and in the caſe of two bodies moving in 
the * curve with different velocities, will be 
in a reciprocal proportion of thoſe velocities. 

$. 407. Hence the centrifugal force may again 
be expreſſed in a different manner. For if the 
bodies move in circles with an equable motion, 
the arches deſcribed in a given time will be as the 


velocities of the bodies ; and therefore in the 


A 
expreſſion 12 in $. 404. inſtead of the arch 


AB we may ſubſtitute the velocity which may be 


ABq CE: 
called C, and then — will be W 


F. 408. Becauſe the periodical times are in the 
direct ratio of the orbits in which the bodies 
move, and in the inverſe ratio of the velocities ; 
let theſe times be called T, t, and the orbits O, o, 
and the velocities C, c. It will be T. t:: Oc. oC. 
But the orbits are as the diameters or radii, which 
may be called R, r. Theſe therefore being ſub- 
ſtituted in the place of the orbits, it will be 


T. t:: Re. rC. Which quantities being divided 


R 
by c and C, it will be T. t:: .. And 
therefore C. c:: * ; * So that theſe quan- 
tities may be taken inſtead of the celerities; and 


ſince in F. 407. the centrifugal force was expreſſed 


CC 
by N that will be equal to TA 


$. 409. If therefore the forces of the two bo- 
dies are called V, v, then by § 408. it will be 


e Ir —, And conſequently V. v 


N. TT. Or the central forces will be 
M 4 in 


167 


168 The ELEMENTS of 


in the direct ratio of the radii of the circles, in 
which the bodies move, and in the inverſe ratio 
of the ſquares of the periodical times. 


; „ N 
It will be alſo V. v: R 


§. 410. The central forces of two bodies of an 
equal ſwiftneſs, and at an equal diſtance from the 
center, are in proportion to their maſſes. 

Hence if two fluids of a different ſpecifick gra- 
vity are included in a glaſs tube, which is inclined 
to the horizon and then made to revolve about it's 
axis; the heavieſt will aſcend, and recedes farther 
from the axis than the lighter; and the ſame thin 
will happen to a heavier fluid, that has a ſolid 
floating in it. | 8 

F. 411. If equal bodies, having the ſame pe- 
riodical time, are at different diſtances from the 
center, the central forces will be as the diſtances 
from the center. 

Tab. - The central force of the body A is expreſſed 
Fig. 13. by DF, that of the body B by IH. But HC. CB 
:: DC. CA, and therefore HC - CB. CB:: 
DC- CA. CA. Or HC - CB. DC - CA:: 
CB. CA. Or thus more briefly. Becauſe by 

R r 


T St, then it will be TT = tt, and therefore 
Viv HEE 1, | 
F. 412. If therefore the body B is to the body 
A, as AC to BC, or in a reciprocal ratio of the 
diſtances, the central forces will be equal. 
$. 413. If two equal bodies A and B, at 
the ſame diſtance from the center C, move with 


as the ſquares of the velocities AO, AB. For 
by F. 404. the central force of the body A is 


$. 408. V. v:: rr fince it is ſuppoſed 


a different velocity AO, AB, their forces will be 


as 7 


8 
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238 ay and that of the body Bis as 5 which 
are as AOq and ABq. 


$. 414. If the bodies A and B, F. 413. ſhould 


be unequal, their central forces will be in a ratio 
compounded of the ratio of their maſſes, and of 


the ſquares of their velocities, 


$. 415. If the equal bodies A and B revolve Tab. 7: 
in unequal circles with equal velocity A F, BS; Fig. 13. 


their central forces will be in the inverſe ratio of 


their diſtances from the center. 


For by F. 407. it is V Ke. and therefore V. 


R333 2 gh And becauſe it is put C=c, it 


will be V. v:: =: ae. AE, or as in fg; 


„ C AG:: BC. AC. 


F. 416. If the two bodies A and B are equal, 
but the periodical times and the diſtances from 
the center unequal, the central force of the body 
A is to that of B, as the diſtance of the body A 
from the center, divided by the ſquare of it's pe- 
riodical time, to the diſtance of the body B from 


the center, divided alſo by the ſquare of it's perio- 
dical time. For by F. 408. the central force is e- 


qual to- f, and therefore the forces of the two 


bodies A and B will be as 5 and —; or accord- 


AC: BC 
Ing to fig. 13. as TT RF 


F. 417. The bodies being ſuppoſed equal, if 


the ſquares of the periodical times are to one ano- 


ther as the cubes of their diſtances, the central 
forces will be in the inverſe ratio of the ſquares of 


the diſtances, Thoſe 
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Thoſe things being here aſſumed which we have 


ſuppoſed in F. 416. it will be now TT. tt:: 
A Cc. BCc. But the central forces in A, by 5. 


| AC : ; 
416. are as TT» and in Bas t. Therefore inſtead 


of the denominators putting the quantities that are 


proportioned to them, ACc, and BCc, it will be, the 
AC BC I I 


force in A to that in B:: qt ge: AC Boy 
: : BC. ACg, 

$. 418. This propoſition will be true alſo, if 
we ſuppoſe the bodies to be unequal. For then 
the forces will be in a ratio compounded of a di- 
rect ratio of the magnitudes, and the inverſe ratio 
of the ſquares of the diſtances from the center. 
Now becaule the primary planets, which revolve 
about the ſun, as alſo the ſecondary planets which 
revolve about their primary ones, continually 
complete their courſes in ſuch manner, as that the 
ſquares of their periodical times are in the propor- 
tion of the cubes of their diſtances, it is manifeſt 
that their centripetal forces are in the inverſe ratio 
of the ſquares of their diſtances. But the force, by 
which bodies tend to any center, eſpecially a cor- 
poreal one, is called it's gravity. Wherefore the 
gravity of the primary planets towards the ſun, 


and of the ſecondary planets towards their primary 


ones, is in the afore-mentioned proportion. W hich 
is alſo the caſe of the gravity of our terreſtrial bo- 
dies, as we have ſeen before in §. 228, 

The great Huygens was the firſt who made any 
calculations about centrifugal forces ; ſince that 
this doctrine has been much improved by the cu- 
rious diſcoveries of the great Newton, Dr. Keil, 
Mr. de Moivre, John Bernoulli, and others; who 
deſerve to be conſulted in this matter. 


c HAP. 


ny ad aro. 


e 


Of the hardneſs, foftne ö 8 Tagalfcy, flexibility, and 
elaſticity of bodies. 


F. 419. YET E are wont to call that a Bard 
Body, whoſe parts being vio- 
lently compreſſed, in reſpect of our ſenſes do ſcarce- 
ly or not at all yield to preſſure, are very difficultly 
ſeparated from one another, and therefore whole 
figure cannot ealily be changed. 
$. 420. We call that a body perfely hard, 
whoſe parts being compreſſed never ſo violently, 
yet will not at all yield or be ſeparated; and there- 


fore whoſe figure is immutable. We do not know 


any ſuch bodies in the univerſe, of any ſenſible 
magnitude. Whatever bodies are known may be 
crumbled and broke into pieces; or being ſuffi- 
ciently ſqueezed will ſuffer a change of their fi- 
gure, not excepting even the adamant, or other 
gems, flints, or ſtones of any kind. Yet their ulti- 
mate elements, which are the leaſt parts into which 
the bodies can be reſolved, ſeem to be endued 
with perfect hardneſs, ſince by no force of nature 
they can be farther reſolved. Therefore all bodies 
whatever, which are compoſed by the accumula- 
tion of ſuch elements, conſiſt of parts that are per- 
fectly hard. | 

§. 421. We call that a br::le body, which is in- 
deed hard, yet 1s broke by a little ſtroke. Such 
is ſteel hardened in the fire, glaſs, earthen veſſels. 
Their firm parts have a coherence with one ano- 
ther, which is diſſolved as foon as they recede never 
ſo little from one another, or from mutual con- 
tact. And hence they eaſily break by any light 
percuſſion that can effect this, 
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F. 422. That body is ſaid to be ile, or eaſy to 
cleave, which conliſts of thin plates lying upon 
one another ; the parts conſtituting every plate 
cohere more ſtrongly, than the plates do to one 
l! another; and therefore when ſuch a body is broke, 
q it ſplits into plates or ſplinters. Such 1s the talc 
| of Meoſcovy, ſlate, &c. 
| $. 423. We call that a % body, the parts of 
1 which, in reſpe& of our ſenſes, recede from 
[ one another by a ſmall preſſure, and may be 
Þ ſeparated by a little force, Such 1s butter, ho- 
ney, &c. | 
| $. 424. Bodies approach ſo much the nearer to 

perfect ſoftneſs, as their parts may be removed 
from contiguity by a ſmaller force. In the uni- 
verſe we find there are very many and large ſoft 
bodies, ſuch as butter, moiſt clay, &c. which 
are ſo conſtituted, as that they eaſily acquire the 
| figure of a preſſing body, and retain it afterwards, 

8 Yet there are none perfectly ſoft, or whoſe parts 
L | may be ſeparated from one another without any 
N N force, except the force of inactivity. For all the 
* parts of all bodies are attracted to one another by W {| 
5 a notable force, which muſt be overcome by ſome 1 
cauſe, that can remove the parts of bodies from 
one another. | t 

$. 425. A body is ſaid to be flexile, or eaſy to t 
bend whoſe figure may be changed, ſtretched, or rn 
— contracted, yet without diſſolving the union and f 
It coherence of the parts. There are many ſuch bo- v 

| dies, as all the membranes of animals, the oblong 


_ parts of green vegetables. Theſe ſeem to be WF 
| compoſed of oblong parts laid upon one another, W tt 
in the ſame or like order as when we build walls of tl 
bricks or ſtones. | „ 
$. 426. A body 1s ſaid to be clammy, which 1 e⸗ 
conſiſts of ſuch parts, as may be made to — it; 
ar i 
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far from one another, without a ſolution of con- 
tinuity. 

$. 427. If a flexible body reſtores itſelf to it's 
former figure by it's own force, after the external 
force ceaſes that changed it's figure, it is ſaid to 
be elaſtick. : 


§. 428. Perfect elaſticity is, when the force of 


the compreſſed or diſtended body, by which it re- 
ſtores itſelf, is equal to the force by which it's fi- 


gure was changed, ſo that the body returns exactly 


to the ſame figure it had before the change. And 
that is imperfet? elafticity, when the compreſſed or 
diſtended body endeavours indeed to reſtore itſelf, 
but performs it with leſs force than that by which 


it was changed. Almoſt all known bodies are en- 


dued with ſome degree of elaſticity, at leaſt moſt 
metals, ſemimetals, ſtones, gems, foſſiles. Second- 
ly, all the ſolid parts of animal bodies, as bones, 
membranes, cartilages. And thirdly, all the ſolid 
parts of known and dry vegetables. The degrees 
of elaſticity differ very much in different bodies; 


and though perhaps there is no body endued with 


perfect elaſticity, yet ſome come very near it, as 


nails, cartilages, hardened ſteel, glaſs, gems. 


$. 429. Elaſticity ſeems to differ according to 
the various ſtructure of bodies; for the more me- 


tals are hammered, the more compact and the 


more elaſtick they become. Steel tempered by 
fire, and made very elaſtick, acquires a denſity 
which to that of ſoft ſteel is as 7309 to 7738. 

$. 430. Moreover the colder the bodies are, 


ſo much the more elaſtick they will be, for then 


their denſity arid conſtipation is greater. And 
the hotter they are, ſo much the leſs elaſtick, for 
then they are rarer. Therefore balls ſhot out of 
cannons when cold, are thrown at a greater di- 
ſtance than when hot, as Belidore has obſerved. 


3 F. 431. 
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$ 431. The elaſticity of all bodies whatever, 


whether foſſile, animal, or vegetable, ſuffers no 
change in Mr. Boyle's vacuum, but is the ſame as 
in open air provided the bodies neither grow hot 
or moiſt. This we are informed by the experi- 
ments of Boyle, Haukſby, Derham, and other Phi- 
lolophers, made upon metals, whalebone, ſtrings, 
wool, ſponges. 

F. 432. Many Philoſophers have endeavoured 


to find the cauſe of elaſticity ; ſome of which ĩma- 


gining, that the pores of the body A. B, C, when 
unbent are cylindrical, but when bent, as a, b, c, 
are conical, wider towards the external parts Kk, m, 
but narrower towards the internal d, e. They con- 
ceive that a moſt ſubtile ether flows in at the wider 
parts, in greater plenty or more eaſily than it flows 
out at d, e, and therefore that it ſtrikes againſt the 


ſides ad, Id, ie, ce, and dnves them towards f, g. 


h, endeavouring to ſtretch the narrower part. 
While this is doing, the parts would be again 
drove to their former ſtrait poſition ABC. Now 
though this is an ingenious hypotheſis, yet we 
may obſerve upon it as follows. Firſt that it ſup- 
poſes there is ſuch a thing as ſubtile matter. Sc- 
condly, if we ſhould grant there is, it would flow 
only in one direction, as all other bodies do. Let tt 
flow therefore, and enter the body A B C, bent 
into the ſituation a be, on the wider ſide Kk m, 
and the effect of reſtitution will thence follow. But 
immediately after let the ſame body be bent in an- 
other ſituation. Will the ſubtile matter be aware 
of that, and preſently change it's courſe thereup- 
on? For if it proceeds to flow as before, and en- 
ters the narrower part, no reſtitution of figure can 
enſue. Thirdly, let us ſuppoſe there are two bo- 
dies near one another, which are bent contrary 
Ways, one in a, b, c, the other in KLM. Theſe 

| TT cannot 
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cannot both be reſtored by an influx having one 
and the ſame direction. And now if we conceive 
the elaſtick plates ro be diſpoſed in form of a 
ſphere, it is not poſſible that all, in the ſame man- 


ner, and at the ſame time, ſhould be reſtored to 


their figure by the influx of the fluid; and yet we 
ſce that a reſtitution will follo x. 

$. 433. Thoſe of greater ſagacity, when they 
were ſenſible of theſe difficulties, ſomething chang- 
ed their former opinion, and ſuppoſed, that the 


: ſubtile æther itſelf is elaſtick, and by it's influx in- 


to bodies made theſe elaſtick. In which opinion, 


| we obſerve, that here is an hypotheſis grafted on 


an - hypotheſis, which makes a conjecture to be 
quite chimerical. Secondly, if there were an e- 


| laſtick æther, are it's parts therefore compreſſible 
| and mutable, and will they reſtore themſelves a- 
gun? By what cauſe? Mult it be again by ano- 
ther more ſubtile ther, which is alſo elaſtick ? 
And what will be the cauſe of the elaſticity of this? 
Others have imagined that fire was the cauſe of 
| Elaſticity ; but this does not ſeem probable, be- 
| cauſe bodies are much the leſs elaſtick, as they 
have greater plenty of fire. And hot metals are 
| leſs elaſtick than cold, as are all other bodies which 
melt by fire. Poſſibly it's true cauſe is yet in the 
dark, becauſe we are not yet ſufficiently acquaint- 
ed with the properties and effects of claſtick bo- 
dies, nor have they enough undergone the ſcrutiny 
of philoſophical men. It will be better therefore 
| to ſuſpend our judgments, till we have a larger 
| Rock of experiments about them. 


CILAP. 
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CH AP. XVI. 
Concerning Percuſſion. 


& 434. HAT action is called percuſſion, 
by which a body in motion impin- 
againſt another with all it's force. 

$. 435. This comes to paſs, either when the 
moving body impinges againſt another at reſt ; or 
when a ſwiſter body overtakes a ſlower that moves 
before it; or when both bodiesruſh upon one ano- 
ther with a contrary direction. Theſe three caſes 
may obtain, and that either in bodies that are hard, 
ſoft, or elaſtick. Becauſe there are no perfectly 
hard bodies, which are large enough for making 
experiments upon, (for theſe bodies perfectly hard 
are merely elementary, and by their ſubtilty do 
not fall under the cognizance of our ſenſes) I ſhall 


only examine the percuſſion of ſoft and elaſtick 


bodies. | 
$. 436. That is called relative velocity, by which 
two bodies approach towards one another, or by 
which they recede from each other. Therefore if 
one body be at reſt, and the other moves by ap- 
proaching towards it, the relative velocity is the 
ſame as the abſolute. If both bodies move the 
ſame way with the ſame direCtion, the relative ve- 
locity will be equal to the difference of both the 
velocities, by which the bodies approach or recede. 
But if the bodies move with contrary directions, 
the relative velocity will be equal to the ſum of 
both the velocities. | 
$. 437. Percuſſion is then direct, when the 
line of direction paſſes through the centers of 
gravity of both the bodies, and through thoſe 
parts of their ſuperficies which touch one another 
in 


NATURAL PHILOSOPHY. 


in their percuſſion, and are perpendicular to that 
line. 5 
$. 438. When the percuſſion is made in any 
other manner, it is faid to be oblique. And firſt 
I ſhall treat of the direct percuſſion of ſoft bodies. 
8. 439. If two ſoft bodies ſtrike one another, 
the figures of both will be changed, their parts be- 


ing either ſqueezed inwards, or ſeparated. If a 


hard body ſtrike againſt a ſoft one, the figure of 
the ſoft body will be changed, and it's parts preſ- 
ſed inwards. But the parts cannot be preſſed in- 
wards, unleſs the force is overcome by which they 
cohere. This will reſiſt, and therefore deſtroys the 
force of the ſtriking body, by F. 206. As often 
therefore as a ſoft body is ſtruck, that force of the 
ſtriking body will be deſtroyed, which is ſpent 
upon changing the figure which the ſoft body had 
before. 

$. 440. If the body A ſtrike againſt the ſoft 
body B, which is equal to it and at reſt ; after the 
percuſſion both will move together conjunctly, 
with a velocity as ſmall again as that, which the 
body A had before. So that half the quantity of 
force is loſt, which is conſumed by changing the 
figure of B. For inſtance, if A ſtrikes B with 10 
degrees of velocity, and it's force be eſtimated at 
100; after the percuſſion the velocity of each maſs 
is 5 degrees; therefore the force for each mals ſe- 
parately is 25, and the ſum of both is 30. So that 


; 5o degrees of force are loſt, which are ſpent upon 


the change of figure. W 2 | 
F. 441. As often as the relative velocity of the 


equal and ſtriking bodies A and B is the ſame, 


both the change of figure as alſo the force loſt by 
each will be the ſame. For if they impinge a- 
gainſt one another with a contrary direction, A 
with the velocity of 5 degrees, and B with 5, the 


Vor, I. N relative 
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relative velocity will be 10, as in $. 440. After 

rcuſſion both will be at reſt, a force of 25 de- 
grees being deſtroyed in both, for the mutation of 
figure, which mutation 1s equal to the former. It 
A moves with a velocity of 6 degrees, and B with 
one of 4, the relative velocity will be again 10 de- 
grees, and after percuſſion there will be the ſame 
change of figure as before. If A moves with 8 
and B with 2, the change of figure is ſtill the 
ſame, ſince the relative velocity will ſtill be 10. 

And the ſame thing obtains, when the body A 
moving faſter overtakes the flower B moving be- 
foreit. For if A moves with a velocity of 15 de- 
grees, and ſtrikes B, which moves before it with 
5 degrees of velocity, the relative velocity will 
again be 10. In this percuſſion the ſame mutati- 
on of figure will be effected. 

$. 442. So that by the change of figure that 


quantity of force is loſt, which was before in the. 


equal bodies, which impinged againſt one ano- 
ther with equal velocity and contrary directions. 
Therefore as often as equal bodies ruſh againſt one 
another with the ſame relative velocity as 1s ſup- 
poſed in that caſe, whatever forces and directions 
they may have after percuſſion, the quantity of 
the forces loſt may be Sou | 

§. 443. Therefore that the common velocity 
and direction of each maſs may be known; from 
the ſum of the forces before percuſſion let the ſum 


of the forces loſt be ſubtracted, and let the remaind- 


er be divided by the ſum of the maſſes, and ler the 
ſquare root of the quotient be extracted; this will 
be the common velocity. And the direction will 
be the ſame as of that body, which had the great- 
eſt velocity before the percuſſion. 

Let the body A have a velocity of 15 degrees, 
and let it follow B moving more ſlowly before , 

FO wil 
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with a velocity of 5 degrees. The force of A will 
be 225, and that of B 25, the ſum of which is 
250. The force loſt in the percuſſion, by F. 441. 
will be 30; for the relative velocity is 10. There 
remains the force 200, which divided by the two 
maſſes of A and B will give 100, whofe (quare 
root is 10. This will be the common velocity of 
both bodies joined, which will continue to move 
in the ſame direction as A moved before. 
Let A with a velocity of 8 degrees impinge a- 
ainſt B, which moves with an oppoſite direction, 
and with a velocity of two degrees. The relative 
velocity will be 10, and the force in A 64, in B 
their ſum 68. The force loſt in percuſſion is 
50, which ſubtracted from 68 leaves 18, and this 


divided by both the maſſes 2 gives 9, whoſe ſquare 


root 3 is the common velocity after percuſſion, 
with the ſame direction as A had before. 

F. 444. If the bodies are unequal, then the 
force loſt in the change of figure will be known, 
if both the maſſes are multiplied together, and this 
product be again multiplied by the ſquare of the 
relative velocity, and this ſecond product be 
divided by the ſum of the maſſes. This rule is 
derived from the following experiment. When- 


ever two unequal bodies impinge with a contrary 


direction, and with velocities that are in the in- 


1 verſe ratio of their magnitudes, they will reſt at- 


ter percuſſion, all their forces being conſumed in 


de change of figure. 


Let the two bodies be A and B; let the velo- 


| city of A be a, and that of B be b. If all their 


force ſnould be loſt in percuſſion, it will be A. B 


2b. a. And becauſe the two bodies ruſh againſt 
one another by an oppoſite motion, the relative 
velocity will be a + b, which may be called d. Then 
from the foregoing proportion it will follow com- 


N 2 ponendo, 
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Bd 
ponendo, A BB:: d. a TB 
A d 


B. A:: d. b =L IB The ſum of the forces 


in both is Aaa + Bbb. Now inſtead of aa let 


py BBdd : w 
it's equal AB and inſtead of b b let it's e- 


A Add 
A＋ B | 
tiplied into the bodies give Aaa+Bbb= 
ABBdd+AABdd 
A+Bq 
becomes 15 And becauſe we ſuppoſed the 


velocities to be reciprocally as the magnitudes, 
theſe forces will be loſt in the change of figure. 

$. 445. The common velocity after percuſſion 
will be known, if from the ſum of the forces be- 
fore percuſſion we ſubtract the force that is loſt. 
And the remainder divided by the ſum of the 
maſles, extracting the ſquare-root of the quotient, 
will give the common velocity. 

Let the body A be as heavy again as the body 
B, and let them ruſh upon one another with con- 
trary directions, A with a velocity of 9 degrees, 


As alſo A + 


qual be ſubſtituted. Theſe quantities mul- 


„Which dividing by A+B 


and B with a velocity of 2 degrees. Then by &. 


4.44. the forces loſt will be 303. The ſum of the 
forces is 166, and therefore the remainder of for- 
ces will be 854. This divided by 3 maſſes, gives 
28+, the ſquare-root of which is 5,295 which is 
the common velocity, and is in the ſame direction 
with the body A. 


But if the velocity in A be to that in B in the 


reciprocal ratio of their maſſes, both bodies will 


reſt after percuſſion, all the forces being conſumed 
in 


NATURAL PHILOSOPHY. 181 


in the change of the figure. For let A have 1 de- 
gree of velocity, and B 2 degrees. The force loſt 
will be equal to 6, and the ſum of the forces in 
both bodies will alſo be equal to 6. 

§. 446. If two elaſtick bodies ſtrike one another, 
there will alſo be a mutation of figure, for the parts 

will yield inwards, and the globe DBS will acquire Tab. 7. 

the figure of a ſpheroid KICB. But by the elaſ- FS * 
tick force the figure will be reſtored, and the parts 
will preſs themſelves outwards with the ſame vio- 
lence as they were preſſed inwards. Therefore the 
ſame things obtain in elaſtick bodies, as before in 
ſoft bodies, in reſpect of the parts ſqueezed in- 
wards, and the loſs of force ariſing from thence ; 
except that elaſticity reproduces the ſame force, 
which was extinguiſhed by the intropreſſion, ſo 
that no force 1s loſt in the percuſſion of elaſtick bo- 
dies. Now when the parts preſſed inwards reſtore 
themſelves, they return, with a direction oppoſite 
to that in which they yielded before; fo that in 
elaſtick bodies thoſe contrary forces are reſtored, 


> &®_ which were loſt in the percuſſion of ſoft bodies. 
„ $. 447. If two equal elaſtick bodies A and B 
ruſh upon one another with equal velocity and 1 
cContrary directions, after percuſſion they will re- ; 
- F cede from one another with the ſame velocity and 
„ Vith contrary directions. 
\ = For if they had been ſoft bodies, they would 
e have conſumed all their force in the change of fi- 4 
r- FF gure, and after percuſſion would have remained at 1 
s FF reſt,by F. 441. But as they are elaſtick, their figure 
s will alſo be changed, and as long as they act up- 
non one another, their parts will be preſſed inwards, 
which by their reſiſtance deſtroy the force with ö 
ie F EE which they ruſhed upon each other. And now the ; 
ill claſticity operating, the bodies A and B act againſt ; 
ed one another, and becauſe there was a like change ji 


n | N-3 of 
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of figure, and the power of reſtitution 1s equal, 
the bodies A and B will return from one another 
the ſame way, and with the ſame celerity with 
which they met. 
§. 448. If the elaſtick body A ſhall hit againſt 
the equal elailick body B that is at reſt, after per- 
cuſſion A wil be at reſt, and B will move with 
the ſame direction and celerity that A had when 
it met with B. | 
Imagine both the bodies A and B to be together 
in a ſhip, which ſails with 5 degrees of velocity, 


and let the body A be projected from the ſtern to- 


wards the head with 5 degrees of velocity; then 
the abſolute velocity of A will be 10 degrees. Let 


B be projected from the head towards the ſtern 


with 5 degrees of velocity, or with the ſame that 
the ſhip fails with, and it will be at abſolute reſt. 
But in the ſhip both theſe bodies ruſh againſt one 
another with equal velocities and oppoſite directi- 
ons, and therefore, by F. 447. after percuſſion 
they will recede from one another the ſame wa 
and with the ſame velocity with which they met. 
Therefore whereas A returns with 5 degrees of ve- 
locity, or with the velocity of the ſhip, it will be 
abſolutely at reſt. But B returning towards the 
head with 5 degrees of velocity, and partaking like- 
wiſe of the velocity of the ſhip, it will move 
with 10 degrees of velocity, and therefore with 
that which A had before percuſſion. 

F. 449. If the ſame bodies A and B, moving 
with contrary directions and unequal celerities, 
ſtrike each other, they will recede from one ano- 


ther having firſt changed their velocities with each 
other. | | 


Let the two bodies A and B beconceived to be 
in a ſhip that ſails with two degrees of velocity, 
and let A move from the ſtern towards the head 
= | with 
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with 6 degrees of velocity, and B from the head 
towards the ſtern with 6 degrees likewiſe. Then 
the abſolute velocity of A will be 8 degrees, and 
that of B only 4 degrees. Let theſe ſtrike againſt 
one another with a contrary direction, and after 
percuſſion they will recede, by F. 447. with the 
lame velocity and direction with which they met. 
Since therefore A returns with 6 degrees of veloci- 
ty, it's abſolute velocity will be only 4 degrees ; but 
B returning with 6 degrees of velocity, will really 
have 8. 

F. 450. If A moving ſwifter impinges againſt 
B moving ſlower before it, after percuſſion they 
will move in the ſame direction, but with exchang- 
ed velocities. Let a ſhip ſail with a velocity of 6 
degrees, in which A moves from the {tern towards 
the head with 2 degrees of velocity ; it's abſolute 
velocity will therefore be 8 degrees. Now let B 
be projected from the head towards the ſtern with 
2 degrees of velocity; it's abſolute velocity, be- 
cauſe of the motion of the ſhip, will be 4 degrees. 
But after percuſſion A and B will return with the 


celerity with which they impinged, above that of 


the ſhip, and therefore A will move with a real 
velocity of 4 degrees, and B will move with an 
abſolute velocity of 8 degrees; ſo that after percuſ- 
fion they will both move with exchanged velocities, 

$. 451. If ſeveral equal elaſtick bodies are con- 
tiguous to one another, and at reſt, one of the ex- 
treme bodies being moved towards the others, the 


4 

: oppolite extreme body will move with the veloci- 

: ty of the firſt, all the intermediate bodies being at 

, reſt, how many ſoever they ſhall be. This hap- 
pens becauſe every body is moved only by the ac- 

R tion of it's neighbouring body ; but the elaſtick 


parts return very quick, before the action can be 
communicated to the following body. 
| N4 9. 452. 
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$. 452. Hitherto we have conſidered direct 
percyſfon only; now we muſt treat about oblique 
percuſſion in a ſew words. The reader muſt here 
call to mind what has been already explained con- 
cerning compound motion. 

§. 453. It + two ſoft bodies ſtrike one another 
obliquely, the direction and velocity may be de- 
termined, by which they would ſtrike directly, as 
alſo their direction and velocity after percuſſion, if 
the directions of both the bodies are reſolved into 
others, two of which are directly oppoſite to one 
another, and two paralle] to one another. In 
thoſe that are oppoſite the percuſſion becomes 
direct, and therefore all thoſe things obtain which 
we have already delivered about this kind of per- 
cuſſion; and afterwards the parallel directions are 
to be retained. | 

Let the body A move with the direction and 
motion AO, and let B equal to it move with the 
direction and velocity BO; let A O be reſolved 
into AC and CO, and BO be reſolved into BD and 
DO. Now, as to the parallel motions A C and 
BD of the bodies A and E, they will not at all act 
upon one another; but only with their motions 
CO and DO, which are directly oppoſite. It 
they had moved with theſe only, after percuſſion 
they would proceed with the common velocity 
OK. But A moves beſides with the motion AC 
equal to OH, and therefore will deſcribe the dia- 
gonal OG of the parallelogram OKGH. And the 
body B moves with the motion OK and FK = 
BD, and therefore will deſcribe the diagonal OF 
of the parallelogram OK F E. 

S$. 454 If the elaſtick body A with an oblique 
direction AB ſtrikes againſt an elaſtick obſtacle 
CBD, which is immoveable ; it's motion muſt 
be refolved into AE parallel to the obſtacle, 4 

E 
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EB perpendicular to the fame. Now the percuſ- 
ſion is exerted upon the obſtacle, as to E B the di- 
rect motion of the body A; and as to the parallel 
motion AE, it does not act at all upon the obſta- 
cle. But the obſtacle is elaſtick, by which means 
the body is ſent back, rebounds, and is reflected 
the ſame way and with the ſame velocity with 
which it came, and therefore 1t returns the way 
BE. But in the mean time it proceeds in the wa 
EF = AE, which is parallel to the obſtacle, and 
therefore will really move in the diagonal BF of 
the parallelogram E FD B. 

$. 455. The angle ABE is called the angle of 
incidence, and EBF is the angle of repercuſſion, or 
of reflexion. Theſe angles are equal to one ano- 
ther; for in the two triangles AEB and EBF, the 
ſides AE and EB are equal to FE and EB, and the 
right angle AEB=FEB. Therefore the tri- 
angles are equal, and the angle ABE EBF. 

§. 456. The oblique percuſſion of two elaſtick 
bodies, as alſo the way and velocity of both after 

rcuſſion, is determined in the ſame manner as 
= been ſaid in $. 453. concerning ſoft bodies. 


. O—— — — 
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Let P move with the direction and velocity Tab. 8. 
PA, and Q with the direction and velocity Q A. Fig. 1. 


Let the motion PA be reſolved in PB, B A, and 
the motion QA into QC, CA, oppoſite and pa- 
rallel to the former. Then there will be a percuſ- 
ſion, as P and Q move with the oppoſite direc- 
tions BA and CA, ſo that after percuſſion they 
will be found with their velocities changed. That 
is, P will return with the velocity AD, and 

will return with the velocity AF. Since therefore 
P proceeds to move with the velocity DE= PB, 
it will move in the diagonal AE; as Q will move 
alſo in the diagonal AG of the parallelogram, 
whole ſides are AI =QC and AF = AB. 


The 
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The bodies impinging againſt one another we 
have hitherto conceived only as points, but now 
we will confider them as having ſome ſenſible 
magnitude, ſuch as the balls A, B, which begin 
to move out of their plates at the ſame time with 
the directions AC, BC, and let the velocity of A 
be to that of B, as AC to BD. From the center 
A to B let there be drawn AB, and upon AB and 
AC let the parallelogram ABHC be completed, 
From D let DH be drawn, and center C, radius 
CL, equal to the ſum of the ſemidiameters of the 
balls A and B, let the arch LI be deſcribed. 
From the point L, cutting DH, let LN be drawn 
paralle] to AC, and NR parallel to CL. Then the 
balls will be found at the fame time in R and N, 
touching one another in the line RN. For in the 
ſimilar triangles DNL and DBH, it is DN. NL:: 
DB. BH. And alſo DN. CR: : DB. AC. 
And DB. DN:: AC. CR. Therefore DBR — 
DN. DB:: AC - CR. AC. That is, BN. 
AR :: BD. AC. Therefore the ſpaces deſcribed 
by the balls A and B are as their velocities, and 
therefore they will meet in the right line RN. 


CHAP, XVI. 
Of electrical Bodies. 


§. 457. N ſome bodies there is a certain pow- 
er of attracting ſome other bodies to- 


Wards themſelves which we call electricity. This 


depends on ſome ſubtile exhalations, emitted by 
cold or hot bodies, but chiefly by hot ones, after 
they have been rubbed violently for a good while. 
Theſe effluvia are endued with wonderful fits in 
their motions, ſometimes approaching towards 
bodies, and again ſometimes receding from them, 
bringing 


3 
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bringing all light moveable things in their way 


along with them, and ſometimes driving them 
away. Theſe effluvia are diſcoverable even by our 
ſenſes; for if we receive them upon the back of 
our hand, or upon our cheek, they may be felt. 
They even ſhine in the dark, and make a ſenſible 


crack or exploſion : ſo that they may be both ſeen 


and heard, 

F. 458. All bodies are found to be endued with 
an electrical power, upon which experiments have 
been yet made, except metals, watry gums, eng- 
liſh glew ; and a few other bodies, which grow 
ſoft by being ſomething heated. All other elec- 
trical bodies have not an equal force, but ſome a 
greater and ſome a leſs. Among ſtones the bright 
polygonal diamond excels. And among the ſkins 
of beaſts, the hard hairs are endued with a great 
power, eſpecially thoſe upon the back of a dog 
or cat. 

$. 459. All kinds of thin, ſmall, light corpuſ- 
cles are attracted by electrical bodies, as the thin 
ſcales of metals, ſand, ſhavings of wood, dry 
leaves, threads of wool or filk, feathers, coals, 
aſhes, quickſilver, water, ice, ſpirit of wine, ſmoke 
of a candle, &c. When the electricity of theſe 
things is to be tried, they had beſt be laid upon a 
glaſs plate, which 1s dry and ſomething warm. 

§. 460. Thoſe bodies are moſt ſtrongly attract- 
ed by electrical bodies, which are themſelves the 
leaſt electrical: and thoſe which are moſt electrical 
are more lightly attracted. Thus metals are more 
attracted than amber, or ſealing-wax, or glaſs 
beat into powder. 

F. 461. The electrical power is diſcovered moſt 
evidently in bodies that are dry, warm, and well 
rubbed. There are ſome, as glaſs and amber, that 
being only heated attract little or nothing. : If 

| Others 
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others are only rubbed they will exert a notable: 
force. Others muſt be dried and heated before 
they are rubbed. Again, if others be made too 
hot they ſhew a weaker force, as reſin and ſul- 
phur, which when warmed more than an egg un- 
der a hen are hardly electrical. Others muſt be 
very hot to become electrical, as lignum guajacum, 
box, ivory, horn, bone, whale-bone, ſhells, lea- 
ther, parchment, ſtones, marble. 

$. 462. Thoſe bodies which being rubbed retain 
longeſt their heat and motion, will alſo preſerve 
their electricity longeſt, There are others which 
though cold and without rubbing, yet continue to 
be eleEtrical for ſome months; as pitch, wax, 
gum-lacca, ſulphur, colophony. Yet they are belt 
e in wool, for in the open air they are 

neſt deprived of their electricity. 

$. 463. That the electrical power may be ex- 
cited in bodies, they are to be rubbed with a 
dry and hard hand, or with a woollen cloth that 
is dry and warm. Or with a towel, with leather, 
linen, paper, cotton, feathers, or other ſoft bo- 
dies; which yet have ſome roughneſs. For if 
they are hard and poliſhed they will not ſucceed. 

464. The electrical power is ſtronger in 

ſummer than in winter, and in a wet and cold 
ſeaſon it hardly ſhews itſelf at all. For a glaſs 
tube rubbed, which in ſummer attracts at the di- 
ſtance of 8 inches, in winter and on a wet day hard- 
ly operates at the diſtance of 2 4nches. Yet in 
hot days the force is not fo notable as when it is 
only moderately warm. This virtue is alſo vigo- 
rous in clear weather, when the north wind blows, 
in a very dry day. But on the contrary it is lan- 
guid when the air is cloudy, with a moiſt weſterly 
wind, in the night-time, and in places infected by 


§. 4065. 
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$. 465. The ſtrength of the electrical virtue de- 
pends upon dyes of variouscolours, which have been 
communicated to the bodies, as Mr. du Fay has ob- 
ſerved in pieces of ſilk. The greateſt ſtrength was in 
the firſt, and it decreaſed in the ſame order as the 
colours are here enumerated : black, white, blue, 
and laſtly red. If the ſilks were moiſtened with 
water, they are ſtill attracted with the ſame force. 

$. 466. Electrical bodies attract ſuch things, as 
at that time have no electrical virtue; for as ſoon 
as two bodies have acquired the ſame electrical vir- 
tue, they no longer attract but repel each other. 
But as ſoon as they meet with another body, to 
which they have communicated their force, they 
can be attracted again. 

$. 467. Electrical bodies can communicate their 
virtue to all kinds of bodies, ſo that theſe will 
ſeem alſo to become electrical bodies, whether 
they are compact or fluid bodies. For as Mr. 
Gray affirms, water in a wooden diſh became elec- 
trical, by means of a glaſs tube. For when the 
tube was taken away, this attracted and repelled 
threads, hairs, and other minute things. 

$. 468. The electrical virtue continues in va- 
cuo, as Mr. Gray has obſerved, who examined 
this matter with a glaſs-giobe, ſulphur, lake, re- 
fin, and white wax. EY 

§. 469. If any third body be placed between a 
body that is electrical, and another that is not elec- 
trical, this body, according to it's different qua- 
lities, will either hinder or not hinder the electri- 
cal virtue. It will hinder, if the body itſelf be 
not very electrical, as wood, or metal; for ſeiz- 
ing as it were the electrical virtue, it prevents it's 
paſſing any farther. But on the contrary, if a bo- 


dy is interpoſed that is very electrical, it will take 


away leſs from the electrick force, ſo that it paſſcs 
3 195 


189 


190 


The ELEMENTS y 


on the more freely. Therefore the electrical efſſu- 
via paſs through glaſs and ſealing-wax, yet they 
will not paſs through a very thin cloth, or a piece 
of paper bored through with holes. Yet if the 
cloth be ſtretched over a wheel, and made very 
hot, it lets the effluvia go through it. 

$. 470. A body that is very electrical of itſelf, 
and that is to be made electrical by cemmunica- 
tion, is not ſo eaſily endued with electrical virtue, 
if it be laid upon another which is very electti- 
cal. Therefore it will be impregnated with leſs 
virtue when laid upon glaſs, than if it lies upon 
wood. The rubbed glaſs tube will ſhew this, 
which being held near amber lying upon glaſs, 
imparts leſs virtue to it, than if the amber had laid 
upon metal or wood. 

$. 471. The electrical effluvia of the rubbed 
tube run along a ſtring 1256 feet long, ſeveral 
times winding, and ſupported by filken threads, 
glaſs, or ſealing- wax: and make a kind of atmo- 
ſphere about the ſtring, of a foot diameter. Alſo they 
run along ſticks of wood, reeds, copper or iron- 
wire, ſilver, gold, pewter, ſtones, flints, paper, 
i cork, green or dry plants, and living ani- 
mals. 

But thoſe bodies which acquire an electrical vir- 
tue very eaſily of themſelves, are not very fit to pro- 
pagate it far. Therefore the efluvia do not ex- 
tend themſelves very far along ſilk, glafs, or ſeal- 
ing- wax. 

$. 472. If ſeveral ſtrings are diſtant from one 
another only a few inches, the electrical effluvia 
will run along them by ſkipping over the diſtan- 
ces. Yet there will be a very few of them, if the 
ftrings are a foot aſunder or more. And if ſeveral 
firings meet to form a kind of net-work, and if 


the electrical tube be held near the concourſe, the 
a effluvia 
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efluvia will run along all the ſtrings. They like- 
wiſe fly round a wheel, that is ſuſpended by a 
hair rope. h | 

Electrical bodies do not only attract other bo- 
dies to them, but are mutually attracted by theſe 
alſo. For amber beaten attracts ſtraws hung over 
it; and in like manner amber when ſuſpended is 
attracted by ſtraw that is fixed. 

All theſe univerſal concluſions, relating to elec- 
trical force, are delivered by Gilbert, the Philo- 
ſophers of the Florentine academy, Boyle, Faukſby, 
Gray, and du Fay. 

$. 473. If a ſphere of glaſs, it's diameter 8 or g 
inches, and full of air, be made to revolve very 
ſwiftly by help of a wheel ; and if woollen threads 
4 inches long be ſuſpended from the wheel about 
the ſphere ; then let the ſphere be rubbed by the 
hand, and by it's electrical force the threads will 
be attracted from every part towards the ſuperfi- 
cies, juſt as radii of a circle meeting in the center. 
This electrical force holds for 4 minutes or more, 
although the ſphere ſhould ſtop. If threads were 
alſo ſuſpended within the ſphere about the axis, 
theſe would alſo be attracted towards the internal 
fuperficies, as rays proceeding from the center to 
the circumference. Spheres made of ſulphur, ce- 
ment, or ſealing-wax, when rubbed and whirled 
about in like manner, produce the ſame effects. 


$. 474. If a glaſs tube is violently rubbed with a 


dry hand till it grows hot, and then if a finger be 
moved long- ways to it, at the diſtance of a quar- 
ter of an inch, the effluvia will ruſh towards it, 
making a crackling, noiſe, and ſhining in the dark. 
Or inſtead of the finger a bruſh may be moved 
to it, and in every briſtle there will be ſeen a ſhin- 
ing and crackling ſparkle. | 


9. 475. 
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$. 475. The ſame tube being rubbed again, at- 
tracts to it and repels with ſtrange fits, any thin 
metalline ſcales, ſoot, bran, feathers, and ſuch like 
minute bodies. 

$. 476. The fine down, taken from under 
the wings of birds, will be attracted by the rub- 
bed tube at the diſtance of many inches, and will 
firmly adhere to it. Over againſt the feathers if 
a finger be put forth at the diſtance of 8 inches, 
all the feathers ſo attracted will erect their fila- 
ments towards it, and ſometimes leaving the tube 


will fly towards the finger, which again forſaking 


they will ſkip to the tube; and this they will oft- 
en repeat with wonderful agility. If the feathers 
leave the tube of their own accord, and 1t be rub- 
bed again, they may be driven by it to any place 
whatever, nor will they be attracted again, till 
they have communicated their virtue to ſome other 
body. Leaf-gold, or any other ſuch metalline 
ſubſtance, will exhibit the ſame phenomenon. 

F. 477. Let a fine feather be faſtened to a ſmall 
twig, and let it be covered with a glaſs bell. Let 
this be ſtrongly rubbed by the hand, and all the 
filaments will be ſtretched out towards the ſurface. 


The friction being performed, let the hand be 


moved upwards and downwards at a ſmall diſtance 
from the glaſs, and being thus endued with the elec- 
trical virtue, the fine parts of the feather will fol- 
low it's motions. Alſo the feathers will follow the 
glaſs tube, when made electrical, if it is moved 
near the bell. But a ſtrong puff of wind, between 
the tube and the bell, diſpels all the electrical pow- 
er, and makes the feathers fall. The ſame appear- 
ances may be obſerved, if the air ſhould be ex- 


hauſted out of the bell. 
F. 478. If a wiſp of ſtraw ſhould be hung hori- 


zontally by a piece of ſilk, or a bundle ot ſmall 
| twigs, 
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twigs, and the tube made electrical ſhould be held 
near one extremity, the other extremity by it's 
electrical force would attract leaf-gold and ſuch 
like things. 

C. 479: If a man, or other living animal, is 
ſuſpended horizontally by a girdle of blue ſilk or 
wool, as if he were flying, and if bits of leaf-gold 
are placed near his face or hair, and if the electri- 
cal tube is held at his feet, the leaf-gold will be 
attracted by his face, noſe, and hairs. Or the tube 
heldnear his head will make his feet to become elec- 
trical. If the man hold a cane or reed in his hand, 


it's extremity will become electrical by holding the 


the tube at his feet. 

$. 480. If the man be ſuſpended as above, and 
the electrical tube be held at his head or feet, let 
another man hold his hand at the diſtance of an 
inch from the face of the man ſuſpended, and both 
will feel a ſlight pain, as if pricked with a needle, 
or burnt by a ſparkle, and a crack will be heard 
at the ſame time. But if inſtead of the hand were 
held a bit of wood, a garment, or other inanimate 
body, no pain at all will be felt. If the man were 
ſuſpended by a girdle made of woollen threads of 
a ſcarlet colour, ſcarce any tokens of the electri- 
cal virtue would appear. But if they are of a blue 
colour, the man will be impregnated with a mani- 
feſt electricity, which will continue for 75 ſeconds. 
But if the girdle is of blue ſilk, the electrical force 
continues above 30 minutes. If ſuſpended in ſcar- 
let ſilk, he retains the electrical power for 25 mi- 
nutes. Theſe experiments ſucceed allo when the 
animals are dead that are ſo ſuſpended. 

F. 481. Let a Jump of rcfin or colophony be 
taken of a cylindrical form of 7 or 8 inches diame- 
ter, let it be warmed and rubbed, and in it's middle 
let there be put a globe of wood, marble, or iron, 
Vol. I. 0 it's 
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it's diameter one inch; and let a little bit of cork 
be held directly over the globe, by a ſmall thread 
6 inches long. This bit of cork will move circu- 
larly from weſt to eaſt. If the iron ball ſhould not 
be in the middle of the reſin, the cork will move 
in an elliptical orbit. If the reſin ſhould be of an 
elliptical form, and the ball in the middle of it, 
the cork will deſcribe an elliptical orbit of a like 
figure. But if there were nothing in the lump of 
reſin, the cork will be attracted by almoſt eve 
point of the ſuperficies, but moſt ſtrongly by the 
margins, Yet at a certain diſtance from the cen- 
ter the repelling force begins, which will drive 
the cork away. The ſame effect may be produced 
by a wheel of glaſs, if heated and rubbed. 
$. 482. If a bundle of ſmall ſticks of any light 
wood, or ſmall iron rods be ſuſpended by a piece 
of ſilk, and be placed over gum-lake, cylinders of 
glaſs, or ſulphur, in a dark place, and if the elec- 
trical tube be held near one extremity, a light will 
be ſeen at each extreme of the twig, even at the 
more remote, which will have the ſhape of a cone, 
whoſe vertex will be at the twig. Therefore this 
light diverges as it proceeds from the twig, and 
conſiſts of manifeſt rays, the outermoſt of which 
are bent, But this light by the hand may be re- 
elled forwards. 
§. 483. I have obſerved in $. 476. that the fine 
down under the wing of a bird, being made elec- 
trical by the tube, will fly in the air, and be re- 
pelled by the tube, as long as this force laſts. 
Now if gum copal be rubbed by the hand, and 
held near the feather as it flies, it will be immedi- 
ately attracted by the gum. But if the feather or 
leaf- gold be firſt imbued with the electrical force 
of the gum, and repelled by this, it will preſently 
be attracted by the electrical glaſs. It is found by 
experience, 
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experience, that there are many bodies endued with 
a like electrical virtue as gum copal ; and thence it 
is diſcovered, that electrical virtue is of two dif- 
ferent natures, one vitreous, and the other re/nous, 
which are ſo diſpoſed, that bodies which received 
the reſinous virtue are attracted by thoſe which 
have the vitreous, but are retuſed by thuſe which 
have the reſinous. On the contrary, thoſe which 
are poſſeſſed of the vitreous are attracted by the 
reſinous, and repelled by the vitreous. 
Alſo a body, that has yet no electrical virtue, 
may be imbued with either of them indifferently, 
but cannot be in poſſeſſion of both at the ſame 
time. 

$. 484. If we conſider all theſe obſervations, it 
will be natural to inquire, whether the electrical 
effluvia conſiſt of fire only, or of fire mixed with 
other bodies ? Whether this fire be like our com- 
mon terreſtrial fire, or of another nature ? Again, 
if the electrical effluvia are not fire, would they 


have any efficacy without fire? Here we can pro- 


nounce nothing for certain. At firſt view it ſhould 
ſeem, that the efluvia required the preſence of fire, 
ſince what extinguiſhes fire will extinguiſh them 
alſo, For firſt, if the tube be rubbed by a ſweaty 
hand, it will hardly be imbued with any electrical 
virtue. Secondly, electrical experiments will not 
fucceed well in moiſt weather, or in a moilt place: 
nay, leſs in winter than in ſummer. Thirdly, if 
the tube be filled with water, ſcarce any electrical 
virtue can be excited. Laſtly, when amber is 
made electrical, all it's virtue may be puffed away 
with the moiſt breath of one's mouth. Yet there 
is one difficulty ſubſiſts, when the effluvia run a- 


long a wet ſtring 1265 feet long, and are not ex- 


tinguiſned, but rather do better with wet lines 


than dry ones. However in all electrical experi- 
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ments it is plain there is fire in light. But if the 
electrical power depended only on fire, why do not 
heated metals alſo become electrical? If the glaſs 
tube itſelf ſnould be hot, it would loſe it's elec- 
trical virtue; and bodies made hot by the heat of 
the fire, or by that of the ſun, do not therefore 
become electrical, but friction muſt neceſſarily be 


added. If a diamond is made electrical by friction, 


and alſo ſhines, let it be made moiſt and it will 
loſe it's electrical virtue, though the ſhining will 
continue as long as if it had not been wet. Hence 
Mr. du Fay has obſerved, that light excited by 
friction is not ſo neceſſarily connected with the elec- 
trical virtue, but that when this ceaſes the ſhinin 


will continue. And beſides there are ſome bodies 


very electrical, which ſhine but little; as the 
green and blue diamonds. 
§. 485. A twofold electrical virtue is therefore 
known : what makes the difference between them ? 
Is it the ſubtilty of the effluvia, it's motion, rota- 
tion, or the concourſe of it's various parts? 
$. 486. It is plain that the electrical effluvia 
roceed outof the bodies; but how are they moved 
about the bodies? Is it in the manner of yortices, 
or in any other manner? It 1s ſomething probable, 
that they muſt move vortically. Firſt, becauſe the 
footy ſmoke of a lamp thus winds about the elec- 


trical tube. Secondly, becauſe the electrical vir- 


tue runs round a ſtring to the extent of a foot. 
Thirdly, becauſe then it may be underſtood in 
ſome meaſure, why a fine feather repulſed by the 
electrical tube ſhall continue to be drove away by 
it. Yet there are difficulties that will attend this 

opinion. For why do bodies attract one another, 
that are endued with different electrical virtue, 
the vitrious and the reſinous, when thoſe that have 
but one kind of virtue repel one another? 


F. 487. 
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$. 487. But what is it that communicates this 
vortical motion to the electrical efluvia? Does the 
attrition of rough bodies excite a tremulous mo- 
tion, and this a vortical motion? How do the ef- 
fluvia repel the feather, and yetcarry it away along 
with them? Wherefore do the effiuvia run alon 
a ſtring of the length of 1265 feet? And with 
what celerity do they move? Why do bodies, 
though never ſo denſe, eaſily . the elec- 
trical effluvia, to which other bodies, though very 
porous, deny a paſſage? As yet none of theſe myſ- 
teries have been well explained. He that ſhall ſer 
all theſe matters in a clear light, 


« Will doubtleſs well deſerve to have his name 
“ Enroll'd in records of eternal fame. 


HAF. XVIII. 
Of the attractions of Bodies. 


F. 488. Henever we obſerve bodies, that 

| are diſtant and freely poſited, to 
approach to one another, without any known cauſe 
to drive or move them from without; or when- 
ever we perceive looſe bodies to cohere more 
. ſtrongly together, by mere contact only, than 
could proceed from their own weight, without any 


external cauſe to preſs them; each of theſe phe- 


nomena we call attra#ion, and the cauſe or power 
producing this effect we call the a/:rafting force. 
F. 489. The ſenſe of this appellation is not very 
proper. For properly ſpeaking a body A is drawn 
or attracted to another B, by means of a rope, 
thong, or ſtick between them. Hence when B is 
moved according to any direction, A muſt neceſ- 
iarily follow. But in the ſenſe and meaning of S. 
25 O 3 488. 
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488. we uſe the word attraction ;. with which if 
any one is offended, he may ſubſtitute ſome other 
as mutual approach, adherence, reciprocal love or 
friendſhip, (as ſome Chemiſts love to ſpeak) which 
is greater in one body and leſs in another, and 
which God has pleaſed to infuſe into all bodies. 
Theſe or ſome other words of a like ſignification 
may be uſed, not to denote the mode of action, 
but to expreſs the phenomenon, 

F. 490. In very many inſtances we obſerve bo- 
dies to approach towards one another, and if we 
inquire what external and corporeal cauſe drives 
them on to produce this effect, we diſcover none, 
whatever pains and induſtry we make uſe of in this 
reſearch. Whoever therefore aſcribes this motion 
of bodies to any impulſe from without, raſhly aſ- 
ſigns an aſſumed and unknown cauſe to account 
for the effect. As ſoon as we ſhall find that bodies 
are made to approach to one another by ſome ex- 
ternal cauſe that impels them, we ſhall no longer 
call this attraction but impulſion. Whoever there- 
fore are for excluding the notion of attraction out 
of natural Philoſophy, it lies upon them to de- 


monſtrate, that all bodies are urged by external im- 


pulſe, and not to aſſume or feign an hypotheſis, but 
to prove it's exiſtence by fair experiments and ob- 
ſervations, ſuch as may come under the cogni- 
zance of our ſenſes. Now as this has not been yet 
done by any mortal, we ſhall ſtill uſe the word at- 
traction ; having often found by experience, that 
nature does not aiways perform her work the ſame 
way, but delights in variety. 

$. 491. It is very evident, that bodies cannot 
approach to one another, but there muſt be ſome 
active principle, that is able to produce ſuch a mo- 
tion. Such a principle as this muſt be either ex- 
ternal or internal. If external, it may either be 


corporeal or incorporeal. If it is incorporeal, it 
2 can 
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can never be diſcovered by any of our ſenſes, They 
that maintain this not to be corporeal, have im- 
mediate recourſe to God himſelf, affirming that 


by a conſtant act of his will he operates upon bodies 


always after the ſame manner, whenever bodies are 
in like circumſtances. Others recur to a certain 
univerſal ſpirit, that pervades all ſolid bodies, and 
is concealed in them. But theſe are all conjectures. 
If we ſearch for a corporeal principle with the ut- 
moſt care and diligence, we diſcover none. Nay, 
we find the phenomena to be ſuch, as that no ex- 
ternal corporeal principle can account for them. 
There remains then an internal principle only, 
Naw if the omnipotent Creator has infuſed ſuch a 
principle into the internal ſubſtance of bodies, by 
which all have a tendency towards one another, it 
muſt be deduced, inveſtigated, and diſcovered 
by our obſervations, in the ſame manner as the o- 
ther attributes of bodies have been found out by 
obſervation. 
$. 492. Nothing hinders but that ſeveral ſuch 
principles may be in bodies, which at different di- 
itances operate in different proportions. If we con- 
ſider the phenomena which the bodies themſelves 
preſent us with, we ſhall be eaſily induced to ad- 
mit ſuch active principles, as are the cauſe of gra- 
vity and attraction. For we imagine theſe to dif- 
fer according to the various actions of forces in like 
diſtances. By virtue of theſe principles bodies tend 
to one another, ruſh upon one another, and thoſe 
that touch cohere no otherwiſe than as if they 
were preſſed to one another by ſome external force. 
But how much theſe forces may differ appears from 
hence, that the gravity of terreſtrial bodies to one 
another, in reſpect of the force in air attracting 
light, is as 1 to 320000000. But we cannot pro- 
duce theſe principles to view, nor tell how many 
or what they are, becauſe our ſenſes are not acute 
| O 4 enough 
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enough to penetrate into the inward ſubſtance of 
bodies; but there are many things whoſe exiſtence 
mult be allowed, though we may be entirely ig- 
norant of their nature. Yet theſe difficulties will 


ſtill ſubſiſt. We can form no conception how re- 


mote and diſtant bodies can operate upon one ano- 
ther. Their operation muſt be performed in the 
intermediate interval, but how can we conceive an 
operation without a ſubject in which it inheres ? 


Here we ſhall be bewildered. But we cannot better 


underſtand the operations of bodies that touch one 
another without; for it is yet a ſecret, what force 
is, how it departs out of one body into another, 
how 1t removes a body, how it inheres in it. We 
ſee or underſtand nothing, but the conſtant effects 
of this force. So that we are all as much ata loſs a- 
bout thoſe principles that act outwardly, as thoſe 
whoſe action is within. 
§. 493. Perhaps ſome attractions may depend 
upon ſome other ſingular cauſes, of which we can 
form no idea, for want of accurate obſervations, 
or by reaſon of the ſubtilty of the appearances. 
Theſe poſterity may diſcover, if experimental 
Philoſophy ſhall continue to be ſtudiouſly cul- 
tivated and improved. And hence many pheno- 
mena ce not be well explained, and demonſtrated 
to ſatisfa tion, before theſe cauſes ſhall be fully 
diſcoverec. 
$. 494. a? the mean time we may obſerve, that 
the leaſt parts of all hard bodies attract one ano- 
ther, and cohere by virtue of this attraction, and 
thereby compole greater maſſes. For their cohe- 
rence does not depend on the preſſure of the exter- 
nal air, ſince all firm bodies cohere as much in 
Mr. Boyie's vacuum. Nor do we know any other 
fluid that prefles bodies outwardly. For the æther, 
called in for this purpoſe by ſome, is only an hy- 
2 potheſisi 
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potheſis : and reſt of the parts, in which Des 
Cartes takes refuge, has no poſitive force. 

F. 495. All fluids likewiſe attract one another, 
as is plain from their tenagity, as alſo the globular 
figure of their drops. Air, fire, and light may be 
excepted. Now as this obtains alſo in vacuo, it 


cannot proceed from the preſſure of an external 


fluid, but from the parts attracting one another, 
and fo cohering with one another. 

$. 496. But fluids attract hard bodies, and theſe 
attract fluids; therefore attraction is univerſal, 
ſince it is found both in ſolids and fluids. 

$. 497. If any one ſhall deſire to be convinced 
of the attraction of ſolid bodies by experiment, let 
him take two plates of glaſs that are plain, poliſhed, 
clean, and dry, and let them be put one upon ano- 
ther. And whoever by lifting ſhall attempt to pull 
them aſunder, muſt firſt overcome that great force 
of attraction, by which they will adhere. If this 
experiment be made in Mr. Boyle's vacuum, it will 
appear that the weight of the incumbent air has 
no ſhare in this force. 

The ſame thing obtains, if ſmooth metalline 
ſurfaces, as of gold, copper, braſs, iron, lead, or 
pewter, are laid upon one another. 

$. 498. Not only bodies that are in immediate 
contact, but thoſe like wiſęe that are at ſome di- 
ſtance, will attract one another. For between the 
glaſs plates mentioned before, if you put a piece 
of ſilken thread, or any thin body, the plates 
will be ſo far diſtant from one another; and yet 
they will attract with a notable force. Let the 
threads of ſilk be doubled, tripled, &c. in different 
places, that the plates may be ſtill farther from one 
another; and the attraction will be found ſo much 
the more to decreaſe, as the threads ſhall be bigger, 
that is, the farther the bodies ſhall be diſtant from 
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one another. Alſo this appears even to view in 
Newton's experiment. Let A SB be any opaque 
body, which terminates in an edge, as metal, ſtone, 
or tranſparent glaſs ; near it's edge let parallel 
rays of light pals in a dark room. Then the ray 
d15S, which is next the edge, will be moſt ſtrong- 
ly attracted, and will be moſt of all diverted from 
it's proper way into another sd. The ray e mt, 
which is more diſtant from the edge, is alſo at- 
tracted, but leſs than the former, and will be leſs 
diverted from it's way into another tme. That 
which is ſtill farther diſtant from the body, as 
fen u, is leſs attracted by it, and continues it's 
own courſe almoſt, being put into the fituation 
unf. Laſtly, the moſt remote ray g ox is leaſt 
of all attracted by the edge, and proceeds in it's 
way xog. Now if the body AS B be a piece of 
ſteel, this operation upon light is performed at the 
diſtance of e part ot an inch. Some have been of 
opinion, that this phenomenon was owingto the at- 
moſphere of ſome fluid ſurrounding the bodies, and 
which isof different denſity at different diſtances from 
the body, and that the rays of light are refracted in 
this atmoſphere. But it they would conſider the 
nature of refraction they would find, that the light 
at going in and coming out muſt neceſſarily move 
in a direction parallel to itſelf, and that this great 
inflexion of the rays can by no means be derived 
from thence. Not to mention that the ſuppoſition 
of ſuch an atmoſpere is without any foundation. 
Therefore the attracting force acts from bodies 
to ſome diſtance, it acts more ſtrongly at a ſmal- 
ler diſtance, and more faintly at a greater : nay 
it extends itſelf generally to ſo ſmall a diſtance, that 
it eſcapes the obſervation of our ſenſes. This 
force is greater in large, denſe, and heavy bodies, 


than it is in ſmall, rare, and light bodies. Yet it 
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is greater in ſmall bodies comparatively than it is 
in larger. 

499. Therefore if bodies that attract one ano- 
ther are permitted to approach, they will move 


203 


with an accelerated motion, till they come into 


contact. ; 


For let the body A be attracted by B as far as Tab. 8. 


the place C; firſt it ſets out from a ſtate of reſt, 
and 1s attracted by a ſmall force. In like manner 
B is attracted by A as far as E, by a ſmall force 
and from reſt likewiſe, But as the attracting force 
continually acts, like a preſſing power, the motion 
muſt neceſſarily be accelerated, even though the 
attraction at every diſtance from the body ſhould 
continue the ſame. But this force perpetually in- 
creaſes at leſs diſtances. "Therefore after the bo- 
dies have arrived at C and E, they attract one 
another with a greater force, and therefore the 
motion of the body A will be ſo much the more ac- 
celerated from C to D, as likewiſe that of B from 
E to D. And when they meet together at D, 
they will ruſh upon one another with a very ac- 
celerated motion. 

§. 500. It might be expected that we ſhould 
here determine, in what ratio of the diſtances bo- 
dies attract one another. We know that bodies 
attracting by gravity operate upon one another in 
a reciprocal ratio of the ſquares of the diſtances 
from the center: but this attracting force ſeems to 


Fig. 3. 


operate in a greater ratio of the diſtances. But here 


we want ſure and accurate experiments. It will be 
very difficult to decide this matter, becauſe no trials 
can be made upon firſt elements. And greater bo- 
dies are not ſimple enough, but are compounded 
of parts of a very different nature; as ſpirit, wa- 


ter, oil, ſalt, metal, earth, &c. Nor can we know 


after what manner theſe parts incumb upon one an- 
other, 
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other, how much ſolid they have, how much 

re, what are their figures, Yet upon theſe will 
depend their different force of attraction. It is 
eaſy therefore to perceive, what an ample field 
for making experiments we mult leave to poſterity, 

$. 501, The magnet, or loadſtone, here deſerves 
to be conſidered, which is endued with an excel- 
lent virtue of attraction. This ſtone 1s ſome natu- 
ral compoſition of iron, or it's ore, of ſtone, oil, 
and ſalt. The ſtone itſelf, as a ſtone, has no force, 
but the iron with the oil and ſalt, which is diſtri- 
buted through the whole ſtone, make together a 
compound, in which this virtue reſides. Now that 
the ſtony matter ſhould be an ingredient is not al- 
together neceſſary, ſince iron that has been at reſt 
for ſome ages, above the ſurface of the earth, yet 
ſo as not to be ſpoiled by ruſt, has been converted 
into an excellent magnet, like the foſſile magnets, 
but ſomething ſpecifically heavier. It is ſaid that 
at Marſeilles, in a high tower, a bell was hung in 
maſſy iron- work, that was caſed in with ſoft ſtone. 
This iron-work was extended horizontally from 
eaſt to weſt, and had continued ſo for 420 years. 
At each end it had acquired a kind of ruſt, which 
being cleared away, it was found to have a very 
notable magnetical virtue. It looked like ruit 
without, but when broken it conſiſted of ſhining 
parts, which were like thin plates laid upon one 
another, and in hardneſs did not fall ſhort of the 
common magnet“. 

$. 502. The magnet has generally two oppoſite 
places, which are moſt attractive, and which are 
called it's poles ; one the north, and the other the 
ſouth pole. Becauſe with theſe parts it directs it- 
{clf as it were towards the north and ſouth. 


* L'Hift. de I'Acad. Roy. An. 1731. 
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$. 503. Whenever two loadſtones are ſo turned one 
towards another, that the north pole of one regards 
the ſouth pole of the other, and their axes lie in 
the ſame right line ; they will attract each other, 
and if poſſible meet each other. The nearer they 
are the ſtronger they will attract, and their attrac- 
tion will then be ſtrongeſt when they are united. 

$. 504. But if both the ſouth poles of the mag- 
nets, or both the north poles, are turned to one 
another, the magnets will then repel one another, 
and generally ſo much the more weakly the more 
they are diſtant, and the more ſtrongly the nearer 
they are: yet ſometimes being in contact they will 
attract. | 

$. 505. The loadſtone attracts iron with both 
it's poles ; .nay, they attract this more ſtrongly 


than one another. The law of this magnetick ac- 


traction has long been ſought after, that is, what 
is the ratio between the attractions and the diſtan- 
ces of the bodies. A cylindrical loadſtone, whoſe 
axis was alſo the magnetical axis, and whoſe poles 
were in the baſe of the cylinder, attracted a cylinder 
of iron exactly of the ſame magnitude and figure; 
their attractions were in this manner. 


At the diſtance of The attraction was in grains 


tenths of an inch, of apothecary's weight, 
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If we conſider the cylindrical ſpaces, which are 
intercepted between the baſes of the cylinders, it 
will appear that the magnetical attractions are in 
the inverſe ratio of the ſpaces; and ſince theſe 
ſpaces in this caſe are as the diſtances, the attrac- 
tions will be reciprocally as the diſtances. 

§. 506. A ſpherical magnet of the ſame diame- 
ter as the cylindrical, by it's north pole attracted 
xn ſouth pole of the other with the following 

orces. 


At che diſtance of The attraction was in grains 


/ tenths of an inch, of apothecary's weight, 
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We may conceive the ſphere in a hollow cylin- 
der to be let down at various diſtances from the 
cylindrical magnet, and conſidering the intercept- 
ed hollow ſpaces; we ſhall then find that the at- 
trations are in the inverſe ſeſquiplicate ratio of 
the intercepted ſpaces. 

$. 507. But the magnet in contact attracts iron 
more forcibly than another magnet. The ſame 
ſpherical magnet with the ſame pole attracted the 
iron cylinder, which was uſed in the experiment 
of F. 505. in the following manner. 


At 
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At the diſtance of The attraction was in 
tenths of an inch, grains, 
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If we conſider the ſpaces interpoſed in the hol- 
low cylinder, which was of the ſame diameter as the 
ſphere, we may perceive, that the attraction was 
in an inverſe ſeſquiduplicate ratio of the intermedi- 
ate ſpaces. The ſame loadſtone attracted a leſſer 
cylinder of iron with leſs force, but yet according 
to the ſame law of attraction. | 

$. 508. A ſpherical magnet with it's pole at- 
tracted an Iron ball of the ſame magnitude with 
the following forces. | 


At the diſtance of The attraction was in 
tenths of an inch, grains, 
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Again let us ſuppoſe both the ſpheres to have 
been included in a hollow cylinder, and to have 


been 
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been removed from one another at various diſtan- 
ces, and then the intercepted ſpaces to be conſider- 
ed; and we ſhall find, that the law of attraction 
was 1n a reciprocal biquadratical ratio of the inter- 
cepted ſpaces. Spherical magnets of a different 
magnitude had the ſame law of attraction. 

§. 509. The loadſtone does not only attract 
loadſtones and iron, but ſeveral other ies; be- 
cauſe theſe contain either iron or iron ore. And 
ſince theſe bodies are diſperſed over the face of the 
whole earth, all thoſe things will be attracted by 
the loadſtone, which contain any iron- ore in them. 
And whereas this, becauſe of it's want of unctuouſ- 
neſs, will ſometimes hardly be attracted, it may 
be made tractable by being ignited with any fat 
or reſinous matter. So that many bodies are now 
known, which are either attracted by the load- 
ſtone of themſelves, or may be rendered attractable. 

§. 510. The magnet will impregnate a piece 
of iron with it's virtue, which 1s drawn over it's 
pole or near it; ſo that as to ſtrength, it becomes 
like a magnet itſelf, Yet the magnet loſcs no- 
thing of it's virtue, though it ſhould communi- 
cate it to an hundred pieces of iron. Indeed there 
are Philoſophers who affirm, that their magnets 
became weaker by having imparted their virtue to 
iron. This though I will not contradict, yet I have 
carefully examined into this matter, and could ne- 
ver find it ſo. 

$. 511. When a magnet is left freely to itſell, 
it's direction is towards the north with one pole, 
and to the ſouth with the other. Tis the fame 
thing with the mariner's needle of iron or ſteel, 
which is moveable by it's middle upon a pin, and 
is firſt impregnated with the magnetick virtue. But 
in the ſame place upon the earth's ſurface, this di- 
rection is obnoxious to daily variation; Which 1s 
very 
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different in different regions of the earth, 
al liable to perpetual mutation, as appears from 
Dr. Halley's map of the variations, compared with 
the obſervations that have been ſince made. So 
that there are but few places, in which the magnet 
or needle points directly to the north or ſouth. 
This aberration from the earth's meridian is called 


the needle"s declination, which creates no little diffi- 


culty ro mariners. But may not this be prevented 
by conſtructing the compals of three iron rings, 
that ſhall lie in the ſame plane? 

8. 512. If the axis paſſes through the middle of the 
needle, that it may have the "form of a balance, 
then being firſt exactly poiſed, let ĩt be drawn over 
the magnet; when it has received it's virtue, the 
two arms will be no longer in equilibrio, nor will 
obſerve a horizontal ſituation. For- in the nor- 
thern hemiſphere of the earth the needle will be 
depreſſed in that part which regards the north 
and on the other hand, in the, ſouthern regions 
beyond the equator, the ſouthern point of the 
needle will dip below the horizon. This depreſ- 
ſion is called the inclination of the dipping needle. 
This will differ in different regions of the earth, 


and in the ſame place is not always the ſame. Alſo 


the inclination will differ according to the greater 


or leſs virtue of the magnet, by which the needle 


was impregnated. 

d. 513. If a number of parallelepipeds of ſteel 
are contiguous in one right line, and placed in the 
magnetical meridian, (which will be ſhewn both 
by the compaſs and thedipping needle,) and if they 
are rubbed nimbly ſeveral times by another ſteel 
parallelepiped in ſuch manner, that it may move 
and be drawn over them all, with one extremity 
upwards, and then on the contrary, with the other 
extremity downwards; they will all be imbued 
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with a remarkable magnetical virtue, juſt as if they 
had been touched with an excellent loadſtone. So 
that proceeding after this manner, out of pieces 
of iron or ſteel only, notable magnets may at any 
time be produced, not inferior to thoſe formed by 
nature herſelf in the bowels of the carth. 

F. 514. The filings of iron, or black ſand, be- 
ing ſprinkled about a natura] magnet, or about 
iron that has by any way been changed into a 
magnet, is diſpoſed into wonderful orders of par- 
ticles, partly ſtrait, partly curvilinear, ſhewing the 
polar parts of the magnet, as alſo how the mag- 
netick virtue operates, at a notable diſtance, from 
every part about 1t's ſurface. 

$. 515. Do theſe phenomena of the magnet 
depend upon the action of ſome great magnet, 
which 1s included in the internal parts of the earth, 
and which revolves by a different motion from 
that of the earth? This is a mere hypotheſis, that 
can never be proved; nor would it appear from 
thence what can direct the nautical needle, iron, 


and the loadſtonc, here upon the ſuperficies of the 


earth. Are the magnetical appearances owing to 
very ſubtile efluvia, like to thoſe of electrical bo- 
dies? This jaſt ſuppoſition does not ſeem to be 
very concluſive ; ſince firſt, the efluyia proceed- 
ing from the magnet may repel bodies they meet in 
their way, and drive them farther from the magnet, 
but cannot attract them. Secondly, ſhould they 
return again to the loadſtone, they would not make 
it's attraction greater than the repulſion. But this 
electrical bodies do, repelling by their effluvia 
more ſtrongly than they attract; whereas the mag- 
net on the contrary attracts much more ſtrongly 
than it repels. Thirdly, would not the magnetick 
elfluvia attract and repel all kinds of bodies they 
meet with, as thoſe of electrical bodies OY 
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do ? But the magnet only operates upon bodies 
that contain iron, or iron-ore, but not upon o- 
ther metals, or other bodies indiſcriminately, whe- 
ther heavy or light, denſe or rare, great or ſmall. 
Fourthly, would not the magnetick effluvia be 
interrupted, in like manner as the electrical ef- 
fluvia may be in their paſſage through earth, glaſs, 
cloſe metals, which are hardly penetrated by 
the moſt ſubtile fluid fire, and will not tranſ- 
mit ſo rare and penetrating a ſubſtance as light ? 
But the magnetick virtue paſſes as freely through 
all bodies, though ever ſo denſe, iron only except- 
ed, as if nothing had been interpoſed, or as if the 
magnet were placed in vacuo. Laſtly, the electri- 
cal effluvia may be diſperſed by wind, or diſturb- 
ed by fire and vapours. Whereas the magnetick 
virtue ſuffers no alteration by wind or fire, when- 
ever they intervene between two magnets, or the 
iron- work uſed in the operation. 

§. 516. Whoever ſhall weigh theſe difficulties 
with an unprejudiced mind, will not be too haſty 
in aſſigning magnetick effluvia as the cauſe of 
this attraction, before other and clearer data can 
be obtained. What kind of cauſe therefore will 
this be? It does not ſeem to depend on that innate 
law of attraction, by which the parts cohere ; for 
in the magnet the force may be excited, or dimi- 
niſhed, and at dilfcrent times it is more or leſs vi- 


gorous; by fire it may in a manner be expelled; 


by friction and contuſions it may be produced out of 
iron. So that the cauſe of magnetical effects 1s of 
another nature yet unknown, perhaps of a 1ingular 
kind, perhaps in common with other bodies, and 

may be diſcovered by poſterity. 
$. 517. Let us inquire now how fluids attract 
one another. Not becauſe diſferent laws obtain in 
fluids; for the parts of fiuids are mere ſolids, but 
exceedingly ſubtile and volatile. All fluids what- 
2 2 ever, 
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two drops that are ncar one another, and. but lit- 
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ever, (air, light, and fire excepted,) when poured 
upon the clean and plain ſurface of a ſolid body, 
glomerate into round drops, as is obſerved in 5. 
495. becauſe all the parts attract one another. But 
there can be no equilibrium of attracting and at- 
tracted parts, unleſs they are equally diſtant from 
the center, that is, unleſs the parts form them- 
ſelves into a ſphere. This would be perfectly 
round, if the parts were not heavy, and therefore 
by their weight endeavoured to go downwards. 
Therefore lying upon a plain, their lower parts are 
flatned, but their upper parts continue to be round. 
To this we muſt add the attractive force of the 

lain that ſuſtains them, which increaſes the flat- 
neſs of the lower part of the drop. Therefore the 
leſs attracting force this plain is endued with, ſo 
much the nearer the drop will approach to the 
roundneſs of a ball. For this reaſon drops of wa- 
ter are of a ſpherical figure upon the leaves of ſome 
plants, which upon glaſs or any metal would not 
appear very round. And the ſame drops of mer- 
cury are perſectly ſpherical upon paper, which up- 
on glaſs or metals are much tlatter. The ſmaller 
the drops are, ſo much the leſs they gravitate, and 
therefore by their mutual attraction will acquire fo 
much the more a perfect ſpherical figure. It mat- 
ters not whether the drops are in the open air or in 
vacuo ; for as yet we have found no difference by ex- 

eriment, Therefore they ſeem to be in a miſtake, 


who think to derive the roundneſs of drops from 


any other cauſe than that of attraction, vainly call- 
ing to their aſſiſtance, either the ambient air, or 
ſome fictitious ether, which would rather diſperſe the 
parts abroad than conglomerate them into a mals. 
518. As in a drop the attracted parts will 
not be at reſt till they compoſe a round mals ; fo 


tle 
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tle attracted by the plain on which they inſiſt, will 
fly to each other, and in an inſtant will form them- 
{elves into one globe. This is plain to be ſeen in drops 
of water lodging upon plants, as well as in drops 
of very pure quickſilver laid upon ſmooth paper. 
$. 519. The parts of two different fluids, when 
oured on each other, will attract one another, 
and they that touch will cohere by the fame force 
that they operate upon one another. If this 
force be violent, the fluids will be converted into 
a hard maſs, or a coagulum, which will be to 
much the harder as the attracting force ſhall be 
oreater. Particularly this will happen, when the 
moſt ſubtile ſpirit of urine 1s mixed with the alco- 
hol of wine; for both immediately are changed 
into a hard maſs not unlike ice. Alto alcohol of 


wine mixed with the white of an egg, or with the 


ſerum of blood, produces a curd or coagulum. 
The white of an egg curdles alſo with the acid 
ſpirit of ſea- ſalt, with ſpirit of nitre, ſpirit of ſul- 
phur, oil of vitriol. Theſe acid ſpirits alſo inſpiſ- 
fate or indurate blood *, Milk is curdled into 
cheeſe by a juice taken out of the ventricle of a 
calf, or with the juice of the leſſer cataputia, of 
ſpirit of honey, or ſpiritof nitre. AndChemiſtry will 
ſupply us with many other inſtances. Now why do 
ſome fluids when mixed change into a firm maſs, 
and others continue fluid? This ſeems to reſult 
from the various concourle of the parts, from their 
figure, magnitude, denſity, poroſity, and other cir- 
cumſtances, all which are hitherto unknown. 

F. 520. If the parts of ſalt are diſſolved in a large 
quantity of water, they are attracted more by the 
parts of the water, than by one another, and are 
put at a good diſtance from once another. Now when 
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much of the water has paſſed away in vapour, by 
means of fire, the ſun or the air, a thin ſkin of 
falt is formed upon the ſuper kcies, by thoſe parts 
which have been forſaken by the water. This pel- 
licle attracts more ſtrongly the ſalt to 1tfelf from 
the water below, than an equal quantity of the 
ſolution, which conſiſts partly of water and partly 
of ſalt. hence the pellicle grows thick, becomes 
ſpeciſically heavier than the reſt of the ſolution, is 
broken into parts, and ſubſides. And now at- 
tracting to 1tlelf the ſaline particles, it grows into 
little protuberat nces of various magnitudes, Which 
are called cryſtals, of leveral figures according to 
the ſeveral kinds of falrs. For fea-falt produce: 
pyramids of a hollow quadrangular baſe. Nitre 
has parallelepipeds of {ix angles. Salt of laure! 
has partly hexangular paralleſepi ipeds, and partly 
truncated pyramids. Salt of hquorice conſiſts of 
a double f1x-angled pyramid. Sal capilli veneris 
forms cubes. Salt of white hellebore the rhombus, 
the vitriols are rhomboidal, alum octogonal, and 
other ſalts have other figures without number. 

Now why ſhould cryttals of the ſame ſalt con- 
{tantly obſerve the fame figure? This no one as 
yet has been able to explain. Nor why green vi- 
triol and alum diſſolved in water, and mixed to- 
gether, pals always into their own cryſtals, and 
not into any third kind of ſalt !. 

Though much of the water may have been ex- 
haled from the ſolution of ſalt, yet cryſtals will not 
be formed, unleſs the ſolution is put into a cool and 
quiet place. The cooler it is, ſo much the great- 
er cryſtals are formed; for then nothing can hin- 
der the ſaline particles from approaching freely to 
onc another. But if there be any heat, they are 
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perpetually ſeparated from one another, and therxe- 
fore in hot weather but ſmall cryſtals are uſed to 
be formed. 

If the evaporation of the water 1s hindered, the 
ſolution of ſalt will not cryſtalize, unleſs it were 
very much ſaturated and near cryſtallization be- 
fore. So becauſe in Mr. Boyle's vacuum there is 
hardly any evaporation, there are no cryſtals ge- 
nerated in it, as Mr. Boyle himfelt has obſerved *. 
No nor in a veſſel that is cloſe ſhut, as Mr. Petit 
takes notice ?. | 

$. 521. Among the fluids which are ſubject to 
our inquiries, the air may juſtly be eſteemed the 
lighteſt, and therefore in reſpect of it's gravity, it 
ought to float only upon other fluids. Yet it is 
very ſtrongly attracted by many of them, perhaps 
by all fluids, and thence it is abſorbed by all kinds 
of water, by wines, ſpirits, expreſſed oils diſtilled and 
natural, by ſpirits of ſalt acid, alkaly, and com- 
pound, and by mercury. Air penetrates into theſe 
fluids, lies there concealed, is intimately mixed 
with them, and ſo coheres by attraction, that it is 
not extricated from them but with the utmoſt dif- 
ficulty. For it can only be expelled by the great 
force of fire, reducing the fluids to ebullition. Or 
by a long continuance in the receiver, from which 
the air has been exhauſted, nor even then unleſs 
all have been firſt made hot. Mr. Petit has found 
by experiment, that air adheres with great vehe- 
mence to many bodies. For if ſal ammoniac, or 
corroſive mercury ſublimate are diſſolved in water, 
bubbles of air will come into vicw, moſt tenaci- 
ouſly adhering to the thin particles of the ſalts. 
They bring theſe up along with them, till they 
burſt on the ſuperficies of the water. The ſame 
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thing is obſerved of the filings of iron, zinc, alf: 
corals and crabs- eyes, being thrown into ſpirit of 
vitriol, mixed with water. And ſecondly, bub- 
bles of air always ſtay behind at the bottom of the 
veſſel in the aforeſaid fluid, which are attracted fo 
ſtrongly by the bodies to which they adhere, that 
they cannot be ſeparated frum them by the weight 
of the water, Laſtly, bubbles of air adhere in great- 
er plenty under water, to bodies that are rough 
and broken, than to thoſe that are ſmooth and 
plain. For by ſuch they are attracted in many 
points, but by theſe in one only *. 

$. 522. Efferveſcencies, as they are called, pre- 
ſent us with many wonderful inſtances of various 
kinds of attractions. Theſe are ſudden, inteſtine, 
vehement, and tumultuous motions, ariſing from 
the conflict of two bodies mingled. together, 
whole parts were before at reſt, or not ſenſibly 
agitated. Many of theſe efferveſcencies appear, 


when alcaline ſalts, either ſolid or diſſolved in wa- 


ter are mingled with fluid acids. Although acids 
with acids and others will alſo cauſe an efferve- 
ſcence. Theſe great ebullitions may be underſtood, 
it we conceive in our minds, how the acid parts 
are attracied with violence to the parts of the alca- 
line faits. That both are elaſtick, ſo that ruſhing 
upon one another their figures will be changed juſt 
as when an ivory ball ſtrikes againſt another, and 
the figure ot each is ſomething flatned by the con- 
flict. Then the forces being ſpent with which 
they ruſhed, and the elaſticity reſtoring their fi- 
gures, they are repelled from one another. And 
lo the ſaline parts, having firſt ſtruck one ano- 
ther, when the elaſtick force has overcome that 
of coherence, ariſing from contact, will ſeparate 
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from one another. The parts ſo drove away ruſh 
upon others, by which they are attracted, and fo 
both by the attracting force and their own acquir- 
ed velocity they ruſh upon new ones; by which be- 
ing repelled with increaſed impetus, they again 
fall upon new ones, and ſo are moved by a per- 
petually increaſed motion. By this they break 
and tear one another, are fixed into one another, 
and are finally joined in a ſtate of reſt. Sometime 
the parts batter one another ſo much, as that they 
take fire, grow hot, nay break forth into a live 
fame; as when fuming ſpirit of nitre, oil of vi- 
triol, and the diſtilled oils of plants, of carraways, 
ſaſſafras, cinnamon, &c. are mingled together. 

$. 523. Sometimes the efferveſcent parts diſ- 
charge fire out of their ſubſtance, whereas they 
themſelves are cold. As when ſal ammoniac, or 
the volatile ſalt of urine, is incorporated with oil 
of vitriol. Sometimes in the open air the efferve- 
cent parts are ſo much compreſſed by the weight 
of the incumbent atmoſphere, that they grow hot 
by their attrition; whereas in vacuo where the 
are exempt from this weight, they are but lightly 
moved upon one another, nor do they take an 
heat; as happens when filver is diſſolved by ſpirit 
of nitre. 

$. 524. Sometimes the weight of the atmo- 
ſphere, too much oppreſſing the parts, hinders 
them from moving freely ; whereby they only rub 
one another gently, nor do they acquire much 
heat; whereas being in vacus, where they ſuffer 
no preſſure, they claſh againſt one another with 
more rapidity, and thereby grow hotter. Thus 
it is with ſpirit of ſea-falt when poured upon fi- 
lings of iron. Nay, the weight of the atmoſphere 


* Phil. Tranſ. N. 150. 213. I'Hiſt. de l' Acad. An. 1698, 
1702, 1726. Tentam. Florent. part 2. p. 165. 
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may entirely prevent the elterveſcence of the parts, 
which do not ſtrongly attract one another, and 
which in a vacuum boil up very vehemently; as is 
to be ſcen in ſpirit of wine, when mixed with yi- 
negar. Many fluids in their ſtate of efferveſcency 
expel much air out of them, which lurks in their 
interſticcs, and then there ariſes a foam on their 
ſurfaces. Alſo when the parts in their efferveſ- 
cency ſtrongly rub againſt one another, and 
grow hot, the parts become volatile; hence ariſe 
tumes, a natural expulſion of the air, and the ge- 
neration of an elaſtick fluid, which is analogous to 
air. I muſt here paſs over many elegant appear- 
ances, with their ſolutions, which may be ſeen in 
the learned Boerhaave's Chemiſtry. 

$. 525. Fluids allo attract ſolid bodies, and ad- 
here to them: nor is it any matter whether the 
fluids are ſpecifically lighter or heavier than the 


- ſolids, But as it has been affirmed by ſome learn- 


ed men, that no fluid that is ſpecifically heavier can 
adbere to a lighter ſolid: this miſtake J ſhall re- 
fute by a few obſervations, though it might be 
done by innumerable others. 

Firſt, Balſam of minium, being a very heavy 
fluid, and when diſſolved is very tenacious, is at- 
tracted alike by all bodies whether bey or light, 
and adheres to them very ſtrongly. 

Secondly, Human blood, that of oxen, &c. is 
attracted by, and adheres to cloth, paper, &c. 
much lighter things than itſelf. 

Thirdly, Oil of vitriol, being very heavy, !s 
attracted and adheres to very light wood, cork, 
paper, cloth, and the leaves of ſome plants. 

Fourthly, The diſtilled oil of cinnamon, ſaſſa- 
fras, &c. which becauſe of it's gravity ſinks in 
water, is attracted and adheres to cotton, wool, 
wood, cork, all very light bodies. 

Fifthly, 
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Fiſthly, A little drop of quickſilver lying upon 
paper, if you put the edge of a piece of glaſs to it, 
the quickſilver being attracted will ſtick to it. If 
you join two glaſſes, fo as to form an angle, and 
let the ſpherical drop of quickſilver touch it; as 
ſoon as you attempt to ſeparate the glaſſes, the 
drop being attracted by each glaſs becomes ſphe- 
roidal, with 1t's longer axis towards the glaſſes, 

Sixthly, The ſmalleſt drops of mercury, which 
are formed when 1t paſſes away in fume, being 
received upon paper, a wet linen cloth, poliſhed 
iron, &c. cleave to it notwithſtanding their own 
weight, even in an inverted poſition. 

Seventhly, Plumbature of pewter conſiſts of 
pewter and lead, compoſing a maſs ſpecifically 
heavier than pewter itſelf ; this melts in the fire 
more eaſily than pewter, and being melted is at- 
tracted by pewter, and adheres to 1t. 

Eighthly, Ferrumen of copper 1s compounded 
of copper and ſilver, and conſtitutes a maſs which 
is ſpecifically heavier than copper; this reduced to 


a fluor is attracted and ſticks to copper which is 


lighter than itſelf. | 

Ninthly, Chryſocolla of gold and ſilver, when 
fuſed in the fire, adheres to ſilver lighter than it- 
ſelf, and becomes a ferrumen of the ſame. 

Tenthly, Copper or braſs in fuſion adhere to 
Iron which is ſpecifically lighter, and becomes it's 
terrumen. 

Laſtly, When gold is diſſolved in aqua regia, 
and ethereal ſpirit of wine is poured to 1t which 1s 
the lighteſt of all artificial fluids ; immediately by 
attraction the gold is hurried to this ſpirit, leaving 
the aqua regia, and together with the ſpirit floats 
upon it. | 

From all which obſervations, that which is call- 
ed the law of adheſion falls to the ground. 


§. 520. 
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$. 526. Now that fluids are attracted by firm 
bodies will appear from hence, that any kind of 
water, as rain, river, well, or diſtilled water from 
plants; alſo wines of any kind, drawn from grapes, 
or from any other ſucculent fruits ; z vinegar from 
wine or beer, any vinous ſpirits; any ſort of 
thin oils of plants, whether diſtilled or exprel- 
ſed; ſaline ſpirits; being ſeparately infuſed in 
al olaſs veſſel, or which is glazed, clean, and not 
greaſy, are attracted to it's ſides, to which they 
will riſe up and adhere. So that the middle of 


the ſuperficies of the fluids will be lower, than 


where they touch the ſides of the veſlel, and the 
ſurface becomes in a manner concave. 

F. 527. If a ſolid body which is clean and not 
greaſy is immerſed in any of the aforeſaid fluids, 
and then taken out again, the fluids will adhere 
to it, And the ſolid may partly be extant above 
the fluid, yet there will remain an intermediate 
column of the fluid, which will be attracted by the 
ſolid. But as ſoon as the weight of the column 
exceeds the attracting force, the fluid will ſubſide 
and leave the attracting body. 

§. 528, With what force water attracts wood 
has been computed by Dr. Taylor *. For after a 


piece of fir-wood had been well ſoaked in water, 


and ſuſpended 1 in a balance, and reduced to equili- 
brium, it's ſuperficies of a ſquare inch was let down 
upon water, from which it could not be ſeparated 
but by the weight of 50 grains put into the other 
ſcale. This weight therefore is equal to the force 
of the attracting water. When the ſuperficies of 
the wood was increaſed, which touched the water, 


the weight that raiſed the wood out of the water 


was always tound proportional to the ſurface. 


2 Philoſ, Tranſ. N. 368. 


§. 529. 
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8. 529. Let a piece of plain glaſs be inclined to 
the horizon, and let a drop of a fluid G be appli- 


ſtill adhering to the ſuperficies A B, till it comes 
to the lower margin B. For by it's gravity it is 
urged in the direction GH, and by the attracting 
force of the glaſs in the direction G C perpendicu- 
lar to the ſuperficies; ſo that being ated upon by a 
double force, it will procced in the diagonal of a 
parallelogram, whole two ſides are G H and GC, 
that is, it will move cloſe to the ſuperficies of the 
glaſs A B. 

$. 530. The various phenomena of very ſmall 
or capillary tubes, ſhew the force of glaſs in at- 
tracting moſt ſorts of fluids. Theſe being open 
at each end, very clean, freſh, and ſtrait, being 
either perpendicular to the horizon or inclined to 
it, and put into the fluids by it's lower end, will 
attract them upwards with great violence to a very 
notable but conſtant height. This height will be 
ſo much the greater, as the tubes are longer. So 
that the attracting force depends on the whole 
tube, and not on it's upper margin. Tubes of 
the ſame length, and of the ſame glaſs, but of 
different bores, raiſe the fluid to different heights, 
which heights are in a reciprocal ratio of their dia- 
meters. For the attracting force of theſe tubes of 
equal lengths is as the internal {uperficics. But the 
luperficies are cylindrical, and becauſe they are of 
the ſame height, thcy are as the peripherics or 
diameters of their baſes. Let us ſuppole then the 
attracting forces to be as the ſuperficics; they will 
be alſo as the diameters. Let the forces of two 
pipes be called V and , the diameters of their 
baſes D and d, and the heights to which the flu— 
id aſcends A and a. Then the heights will be 
in the inverſe ratio of the diameters, For the at- 
3 tracting 
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ig. 4. 


2 Ong 
ö n 
— 
= — 
8 


222 


The ELEMENTS of 


tracting forces are in equilibrio with the fluid to 
be raiſed, and the quantities of the fluid in the 
pipes are as the ſquares of the diameters drawn in- 
to the heights; or it will be V. v:: ADD. add. 
But it is V. v:: D. d; it will be therefore D. 
d:: AD D. add. And drawing the extremes 


and means into one another, it is Da d d 


d ADD, and dividing by d D, there is A D= 
ad. Wherefore it is A. a:: d. D, or the alti- 
tudes to which the fluids aſcend are reciprocally 
as the diameters. 

§. 531. The cauſe of theſe effects is not the air 
of the atmoſphere, which might be thought to 
gravitate leſs in the tubes, than upon the other 
ſurface of the fluids; for in the exhauſted receiver 
the fluid in the tubes aſcends to the ſame height 
as in the open air. Nor ſecondly, in fluids of dit- 
ferent ſpecifick gravities, are the altitudes in an 
inverſe ratio of thoſe gravities, as from the prel- 
lure of the air it ought to be; but it depends on- 
ly on the different attracting force, which cannot 


be known but by obſervation. For human urine 


and ſpirit of ſal ammoniac riſe higheſt ; the fol- 
lowing fluids always leſs, oil of vitriol, oil of tartar 
per deliquium, water, rape-oil, Glauber's ſpirit of 
nitre, oil of turpentine, alcohol of wine, ethereal 
ſpirit of wine, mercury does not aſcend at all, but 
is lower in the tube than in the other part of the 
veſſel. Whoever will conſider the above order 
will find, that liquors which are more volatile than 
others do not aſcend in proportion, as ſome 
have thought ; for the ethereal ſpirit of wine and 
Glauber's ſpirit of nitre are much more vo- 
latile, than urine, or oil of vitriol, or oil of 
tartar. Thirdly, there is a difference alſo in the 
height, according to the different nature of the 
glaſs; ſo that the fluids which are moſt attracted 
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by one kind of Glaſs, by another are attracted 
much leſs. 

$. 432. Much leſs can any very ſubtile ether 
be aſſigned, as the cauſe of this preſſure. For if 
this paſſes freely through the pores of all bodies, it 
will alſo paſs through thoſe of glaſs. But theſe are 
ten thouſand times more minute than the cavity 
of the tubes, ſo that entering theſe cavities with 
the utmoſt liberty, it will preſs with equal force 
upon the fluid within the cavity as upon that with- 
out, and therefore cannot be the cauſe of the 
aſcent of the fiuid. Nor can the efluvia of the 
atmofphere iſſuing out of the tubes, produce theſe 
effects. For theſe can only operate upon the flu- 
ids by preſſure, whoſe aſcent would then be in the 
inverſe ratio of the denſities, which does not ob- 
tain. Not to mention that theſe atmoſperical ef- 
fluvia are a mere fiction. | 


$ 533. If the tube ED C is made up of two Tab. 8. 


223 


tubes ED and DC, of different capacity; in the Fig. ;. 


wider tube the fluid would riſe only to GB, but in 
the ſlender tube, if long enough, it would riſe to 
EC; then the whole tube being filled, and the 


wider part DC being immerged in the fluid, the 


tube would continue full to the top E. For the in- 
terior column of the fluid, in the whole compound 
tube, anſwering to the tube E D produced to the 
ſuperficies C, may be raiſed by the attracting force 
of the tube ED, while the remainder of the fluid 
in the larger tube, which ſurrounds the middle co- 
lumn, is attracted not only by this, but by the 
ſides and the arched top of the glaſs at D; ſo that 


the whole tube will continue full. And the ſame 


muſt happen though the veſſel ABC ſhould be a 


large one, and end at the top in a kind of capilla- !“ 


ry narrow neck C *. 


= Dr. ſurin. Diſſert. Phyſ. Math. 
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From the phenomena of capillary tubes we may 
apprehend, how water or other nouriſhment, when 
brought to the fibrillary roots of plants, may be 
abſorbed by their very fine veſſels, and carried up- 
wards. Alſo how fluids and medicaments, being 
outwardly applied to a man's ſkin, may penetrate 
into the body by the abſorbent veſſels. As alſo 
what has been perſpired into the cavities of the bo- 
dy, as the abdomen, the ſcrotum, the thorax, the 
pericardium; alſo humours extravaſated in the cham- 
bers of the eye, the ventricles of the brain, &c. 
may be again abſorbed by the fine capillary veſſels, 

§. 534. If two glaſs plates, or pieces of Jook- 
ing-glaſs, that are plain, dry, and clean, of equal 
magnitude, either erect or inclined to the hori- 
Zon, joining by their parallel ſuperficies, be im- 
merſed in ſome fluids by their lower ſide; theſe will 
be hurried upwards with great violence, near the 
joint, to a notable altitude. Mr. Hauk/bee has ob- 
ſerved * the ſame between marble and copper 
plates. If between theſe glais plates be put bodies 
of a different thickneſs, that they may be diſtant 
by different intervals, the altitudes of the ſame flu- 
id will be in an inverſe ratio of thoſe diſtances, 
And the ſame thing obtains in Mr. Boyle's vacu- 
um. Since the ſuperficies of the ſpecula here re- 
main the ſame, whether they are nearer or farther 
from one another, it muſt follow that the ſame 
quantity of water is raiſed, The water attracted 
has the form of a parallelepiped, whoſe baſe is the 
diſtance of the ſpecula, - Now becaule all the pa- 
rallelepipeds will be equal, their baſes will-be rect- 
procally as their altitudes; and becauſe the baſes 
are as the diſtances of the ſpecula, thoſe diſtances 
will be in the inverſe ratio of the altitudes, to 
which the fluids ariſe between the glaſſes. 


- --zPhyſ. Mechan. Exp. p. 128. 
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If both the plain ſpecula are perpendicular to Tab. 8. 
the horizon, and are joined together by one of Fig. 7: 


thoſe perpendicular ſides, the oppoſite ſides being 
at ſome diſtance, ſo as to form an angle ; then 
being applied to the water, they will raiſe it up, 
higher where the glaſſes are near to one another, 

and lower where they are farther diſtant. - The ſu- 
perficies of the raiſed water will form an hyperbo- 


lic curve g fi, of which the ſides of the glaſſes 


AB, BC, will be the Aſymptotes. For 'tis Bp to 
Bn, fo is the diſtance of the glaſſes in p to that 
in n. But the altitude mn is to fp, in the in- 
verſe ratio of the diſtances in theſe places; or it is 
as B p to Bn. Wherefore it will be Bpxfp = 
Bnxnm; whichis a property of the hyperbola. 


F. 335. If this experiment be made with quick- Tab. 8. 
ſilver, inſtead of water, an hyperbola will be form- Fig. 8. 


ed by the mercury, but in an oppoſite ſituation to 
the former, fm k g. 

$. 536. If a drop of freſh oil of oranges be drop- 
ed upon a horizontal ſpeculum, and another ſpe- 
culum be laid over it, that it may touch the ſpecu- 
lum with one of it's extremiries, and the other 
may be at ſome diſtance from it, but may lightly 
touch the oil; then this will be attracted by the 
ſpecula, and ſo much the ſtronger as their diftance 
is leſs. For it will ruſh on by an accelerated mo- 
tion towards that fide, where the glaſles touch 
one another. | 

While this motion continues, if we gently lift 
up the glaſſes on the touching ſive, the drop will 
proceed in it's motion, but the ſlower as the glaſs 
is raiſed higher, till they come at ſuch a diſtance, 
as that the oil will aſcend no longer; for then it's 
own weight will be z equ7/::7:19 with the attracting 
forces, ſo that at a greater diſtance of the ſpecula 
the oil will deſcend. Now if inſtead of oil a drop 
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of quickſilver is uſed in the experiment, it will be 
carried downwards to a rome diſtance of the 
glaſſes, 

537. A plain attraction may alſo be ſeen in 
the Philoſophical ſublimation or vegetation of ſalts*, 
whether of - ſea-ſalt, of ſalt of vitriol, or of o. 
thers. Theſe being diſſolved in water, and then 
infuſed into wider veſlels, begin to grow to the 
ſides, to be elevated above the ſuperficies of the 
ſolution, to aſcend to the very brim of the veſſel, 
and even to ſurround it's outward ſuperficies. 

§. 538. Thoſe bodies diſſolve one another, 
which divide one another into leſſer parts, in or- 


der to a perfect mixture. Every ſolvent, while 


it diſſolves, is always fluid. But all kinds of ſalts 
are diſſolved by water, becauſe the parts of 
the ſalts very ſtrongly attract the parts of water, 
which forcibly ruſhing upon the parts of the ſalts, 
and overcoming their coherence, ſeparate them 
from the reſt of the maſs, and aſſociate them to 
themſelves ; ſo that the ſaline particles being diſ- 
perſed through the Whole water every where ad- 
here to it. And hence a motion ariſes in the parts 
which was not before, but is excited by the at- 
tracting parts. In like manner is ammoniac nitre 
diſſolved by highly rectified ſpirit of wine. For 
this nitre is compoſed of ſpirit of nitre ſaturat- 
ed with ſpirit of 15 | ammoniac, and then filtrat- 
ed, ee and cryſtallized . Sometimes 
the ſolution will be ſooner performed, if the parts 
of the fluid poured to it are ſtirred ; for hence the 
parts-of the ſolvent will ruſh upon the body to be 


diſſolved with greater violence. So that the ſolvent, 
when thaken or heated, will eaſter and ſooner per- 


1 Boyle i in Contin. Phyſ. Mech. Exp. 29. PHift. de I Acad. 
Roy. An. 1722. p. 129. 

, Neuman in Lect. de Nitro. p. 108. 
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form it's duty. Nor is it otherwiſe that metals are 
diſſolved by their reſpective menſtrua, which ſome- 
times conſiſt of acute and cutting parts. Theſe 
therefore being attracted with great force, pene- 
trate, cut aſunder, and diſſolve bodies that very 
firmly cohere. And very often ſolvents, which 
of themſelves are mild, more eaſily diſſolve bodies 
than thoſe of acute parts. For mercury and oil of 
olives diſſolve lead, pewter, and a mixture of 
lead and pewter, which are not diſſolved by the 
harſheſt oil of vitriol. The mild water of the 


white of an egg boiled, and diffolved per deliguium, 


will diſſolve myrrhe, which neither aqua fortis, 
nor any other of the acid and moſt corroſive ſaline 
ſpirits can diſſolve. This ariſes from the greater 
attraction of the milder menſtruum, than of that 
which conſiſts of acute and lacerating parts. May 
it not from hence be underſtood, why aqua fortis 
does not diſſolve gold, the menſtruum of which is 
aqua regia, or mercury, * or liver of ſulphur? 

. 529. There are ſome bodies which cannot be 
diffolved by others, before they are ſomething pe- 
netrated by a third body. Thus neither chalk, nor 
lime- ſtone, nor ſhells, nor any kind of earth are 
diſſolved by water; but firſt they muſt be pene- 
trated by an acid ſpirit, which loofens the parts a 
little, and leflens their coherence : and then they 
may be thoroughly attratted, and intimately diſ- 


| folved by water. Sulphur alone is not ſoluble by 


water; but after it has been baked with an alka- 
line ſalt, by means of fire ini a cloſe crucible, it may 
be diſſolved in water. If regulus of antimony be 
expoſed to the fre in a crucible with fal ammo- 
niac, it may afterwards be diffolved in vinegar. 
Many elegant concluſions, in regard to this matter, 
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may be ſeen in the learned Boerhaave's chemiſtry, 
in the chapter concerning menſtrua. 
$. 540. From the principle of attraction well 
underſtood, it would alſo be very eaſy to explain 
the precipitations of the Chemiſts. Theſe take 
place when to two bodies, which have mutually 
diſſolved one another, a third is infuſed, by which 
one of thoſe which were diſſolved is immediate! 
diſcharged, and made to ſink to the bottom. 
Spirit of wine conſiſts of a very thin oil, inti- 
mately mixed with water, which it diſſolves. To 
this add a fixed and very dry alkaline falt. This 
being a very ſtrong magnet of water, (as we may 
call it,) will ſoon attract the water from the ſpirit, 
and by it will be diſſolved in deliquium, wa Will 
ſubſide, the ſpirit being left alone to float above. 
Epſom ſalt may be diſſolved in water; yet theſe 
two do not attract one another very ſtrongly. Pour 
alcohol of wine to them, which attracts water vi- 
gorouſly, and the ſalt will ſoon be forſaken by the 
water, and be formed into cryſtals at the bottom. 
Any kind of reſins may be diſſolved in alcohol, 
and they will be attracted by it; but alcohol at- 
tracts water more ſtrongly than the reſin. So that 
water being poured into the ſolution, the alcohol 
ſoon attracts it forcibly. - It then leaves the reſin, 
and precipitates it to the bottom of the veſſel. 
Let mercury be diſſolved in aqua fortis, and let 
vinegar be poured to the ſolution ; the aqua fortis 
will attract this more than this does the mercury 
lo that this being ſoon forſaken will ſink to the 


bottom. 


Let ſilver be diſſolved in generous aqua fortis, 
and into the ſolution let there be caſt ſome thin 
ſcales of copper, which are violently. attracted by 
the aqua fortis. Wherefore the ſilver, in the form 
of powder, will ſink to the bottom. To the forego- 


ing 
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ing braſſy ſolution let iron be added, which is 
ſtill more ſtrongly attracted by the aqua fortis than 
the copper; therefore this will ſoon be left behind 
to ſublide to the bottom. To this ſolution of iron, 
when filtred, let zinc be injected, which is ſtil} 
more ſtrongly attracted by aqua fortis, and the 
iron will be deſerted. To this ſolution of zinc 
put in ſome crabs-eyes, which being more ſtrongly 
attracted by the aqua fortis, will cauſe the zinc to 
be forſaken. Again, to this ſolution pour ſpirit 
of urine, and the crabs-eyes will be precipitated. 
Laſtly, pour to it the liquor of fixed alkali, on 
which the aqua fortis operates moſt violently ; then 
the urinous ſalts will be diſmiſſed, and by means 
of it's own lightneſs will float at the top. 

$. 541. Alkaline falts are the ſtrongeſt mag- 


nets for the watry particles with which the air is 


impregnated. For let there be taken one ounce 
of very dry falt of tartar, and let it be ſhut up in 


a cellar with the doors and windows ſtopped up 


cloſe, that the air may have no agitation, In a 
ſhort time it will attract out of the air about three 
ounces of water, by which it will be diſſolved. 
About the margin of a glaſs veſſel Mr. de la Hire 
tied a linen cloth, which had been ſoaked in a 
lixivium of ſalt of tartar. The veſſel was put in 
the cave of the obſervatory, where it collected a 
notable quantity of liquid, which the alkalic ſalt 
had attracted out of the air *. 

Likewiſe concentrated acid ſpirits, butter of anti- 
mony, oil of vitriol, &c. are ſuch kind of magnets 
of the moiſture of the air. 8 

$. 542. Beſides water, there are ſalts alſo float- 
ing in the air, which may be ſtrongly attracted 
by terreſtrial bodies, and may therefore be com- 
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pelled to leave the air, which had before diſſolved 
them. Some metals, as iron and copper, are as 
it were the magnets of theſe aerial ſalts. Where- 
fore they draw the ſalts to themſelves out of the 
air, and are diſſolved by them, and converted in- 


to ruſt, This will be very copious when the 


air abounds with ſalt, but will be none at all 
when the air is pure and void of falt. Alſo a cer- 
tain kind of the pyrites, or fireſtone, 1s a ve 
ſtrong magnet of the aerial ſalt ; ſo that this ſtone, 
though a very hard one, when expoſed to the 
air will cleave, and in it's fiſſures will collect ſalt 
attracted from the air; whence the fiſſures in- 
creaſing in number and magnitude, the ſtone is 
converted into a kind of bearded powder, with 
ſalt adhering to it on all ſides. And whereas this 
ſalt may be diſſolved by water, the makers of vi- 
triol are uſed to ſet theſe ſtones upon many pie- 
ces of iron; then the ſalt being diſſolved by the 
rain falling upon the iron, diſſolves it, and the ſolu- 
tion being collected and reduced to cryſtals, be- 
comes the vulgar vitriol of mars. 

The inſipid caput mortuum of alum, being ex- 

ſed for ſome days to the open and ſerene air, 1s 
not only imbued again with manifeſt ſaltneſs, but 
acquires an addition to it's weight, by reaſon of 
the ſalt attracted from the air. 

Pot-aſhes long expoſed to the air degenerate in- 


to a neutral ſalt, not unhke to vitriolated tartar, 


which ſalt may be ſeparated from them, When 
ſeparated it is of a bitteriſh taſte, and of a ſexan- 
gular figure. This betokens that the aſhes had at- 


_ tracted an acid vitriolic ſalt from the air. 


F. 543. Other attractions equally manifeſt are 
exerted by other bodies. Water is attracted by 
bricks newly burnt with great violence and noiſe. 


New tobacco-pipes do the ſame. Fullers earth 1s 
made 
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made uſe of by makers of cloth, to cleanſe their 
cloth from oil, and for this reaſon ; becauſe it at- 
tracts oil to it with greater force than the wool at- 
tracts it : and thus they clear their cloth from the 
oil, with which it has been imbued. And thus 
they take greaſy ſpots out of garments. Let a 
tube open at both ends be filled with ſand, and 
holding it upright put it into water. The water 
will be hurried to the very top of the tube *, Let 
2 glaſs tube open at both ends, (but with one ex- 
tre:ne tied about with a linen rag,) be filled with 
minium, and let it be ſet upright in water. This 
being vehemently attracted by the minium, will 
ariſe to 30, nay to 40 inches. If the ſame tube 
were to be put into ink, or into tincture of ſaf- 
fron, the minium would attract theſe fluids leſs 
than water. But if the tube is cramed full of 
aſhes, theſe would attract the water to the height 
of 32 inches or more; and in Boyle's vacuum they 
do the fame thing ſtill more ſtrongly © A ſpun- 
gy paper twiſted, that ſcarcely filled half the ca- 
vity of the tube, attracted the water to the height 
of 153 lines. But when the tube was completely 
filled with this paper, the water aſcended to the 
height of 225 lines “. 

By attraction the oil aſcends into the cotton, 
that it may feed the flame of a lamp : Nor does it 
. refuſe to aſcend in vacuo. For a like reaſon water 
aſcends into woollen threads, and into cloth hung 
up to a good height. This alſo Mr. Petit © has 
found to obtain ia va:ue. For taking a veſlel full 
of water, he put into it a piece of cloth by one of 


> Sinclair in Arte mag. Gravit. p. 161. 
» Boyle Continuat. 1. Phyſ. Mech. Exp. 

_ © Haukſbee, Phyſic. Mech. Exp. p. 184. 
4 Hiſt. Acad. Reg. Scient: Lib. 4. p. 316. 
* L'Hiſt. de PAcad, Roy. An. 1722, 
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it's extremes, the other hanging out of the veſſel, 


This he put into Mr. Boyle's vacuum, where the 


water being attracted by the cloth, roſe up and 
run over the brim of the veſſel, and paſſed through 
the other extremity of the cloth which hung at li- 
berty, till the water came on both ſides to a level. 
Mercury attracts ſulphur moſt vehemently, from 
which it can hardly be ſeparated afterwards, as ap- 
pears in the making of æthiops mineralis & cin- 
nabar. But there are innumerable other inſtances 
of attractions, which will every where occur, even 
to a ſlight attention, Alſo very many of the ef- 
fects of bodies will at the ſame time be obſerved, 
which have been erroneouſly aſcribed to the preſ- 
ſure of the air, or to a fictitious ether. | 

$. 544. We may likewiſe obſerve, that not on- 
ly certain bodies attract one another, but that ſome 
others repel and avoid one another, juſt as if they 
had an averſion to each other: which repulſion 
begins as ſoon as they are got out of each other's 
ſphere of attraction. Theſe are not all of the 
ſame nature, nor ſeem to be owing to the ſame 
cauſe. We have as yet but few obſervations made 
about them, ſo that we cannot derive them from 
their true cauſes, nor are we willing to indulge 
conjectures. I ſhall therefore exhibit a few inſtan- 
ces only. 

F. 545. The parts of bodies repel one another, 
which are ſeparated by putre faction, fermentation, 
efferveſcence, combuſtion, ſolution. For the diſ- 
ſolved parts become elaſtic, and reſemble the air. 

The groſſer oils and water repel one another, 
and poured to one another will not mix, but con- 
tinue diſtinct and ſeparate, the lighter ſwimming 
upon the heavier. When much. agitated they are 
conjoined for a time, but then Jett to themſelves 
they will again quit one another; the oil adhering 
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to the oil, and the water to the water. Hence the 
ſoot of burnt oils, which ſtil] conſiſts moſtly of oily 
particles, floats unmixed upon water and repels it. 
Hence ſome inſects, from whoſe feet an oily ſweat 
exſudes, walk with dry feet upon water, make 
dents in it, as a light wooden globe fmeared with 
greaſe. Alſo the fat of the feathers of water-fowls 
repels the water, ſo that they are never wet with 
it ; whereas the feathers of other birds, which 
have leſs fatneſs, are eaſily ſoaked in water. 

$. 346. Alſo the very unctuous and maſculine 
ſeed of ſome plants, which adheres to the ſtalks of 
the flowers in the likeneſs of duſt or powder, re- 
pels the water; as may be ſeen of lilies, willow, 
hazel, poplar, &c. but more eſpecially in the ſeed 
of lycopodium, which being ſmeared over the in- 
ternal ſurface of the veſſel, makes the water aſ- 
ſume a round ſuperficies, and keeps a drop of wa- 
ter to a ſpherical figure. Nay, if linen, paper, or 
leather is well rubbed with this powder, it will not 
let water paſs through it. 

$. 547. The unctuous ſuperficies of ſome leaves, 
as of a cabbage- leaf, &c. perhaps for the ſame rea- 


ſon, keeps the drops of rain to a ſpherical figure, 


nor will it be made wet by them. 

$. 548. Hither alſo may be referred, as it 
ſhould ſeem, the hairs of ſome animals, eſpecially 
of horſes and camels ; which repel water ſo po- 
tently, that garments made of them will never be 
wet with water. Nay, when made into bags 
they will hold water, though the texture be thin. 
And hitherto belong the hairs of a man, the webs 
of ſpiders, of caterpillars, of ſilk- worms; which 


then only take water, and the tinctures of ſeveral 


colours; after they have been boiled in a ſtrong 
uxivium, to take out the oil. 


§. 6409. 
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$. 549. As ſoon as ſpirit of wine, which is a 
compound of thin oil and water, has received the 
alkaline ſalt, and diſmiſſed the water which had 
been attracted by the ſalt; it never any more ſuf. 
fers itſelf to be joined with that water, but for ever 
repels it. 

§. 550. But we can never ſee the repelling force 
more plainly, than in the inſtance of poliſhed me- 
tals and drops of dew, For in ſome regions the 
dew will not only not glide upon metals, but is te- 
pelled by them to a notable diſtance, 

$. 551. There are other ſources of repulſions, 
which are the occaſion, that quickſilver can never 
unite with antimony, or ſteel, but will be repel!- 
ed by them. An amalgama of quickſilver and 
lead, when ground in water, expels from itſelf 
that black duſt, which otherwiſe is not to be ſeparated 
from the quickfilver. Copper melted in the fire, 
and thrown into water, is repelled by it with ſuch 
violence, that it flies into moſt minute particles. 
A magnet repels a magnet, and iron touched by 


the magnet; which laſt appearances ſeem to de- 


pend on different repelling cauſes, which are yet 
unknown. 


CHAP: AA. 
Of Coberence. 


& 552. HAT ſtate of bodies is called c©- 

| berence, in which their parts are 
Joined together, however it 1s, and from what 
cauſe ſoever it proceeds; ſo that they reſiſt diyul- 
ſion and ſeparation. Nor can they be removed or 
ſeparated from one another by the ſame force, by 
which they might be ſimply moved, or being on- 
ly laid upon one another might be parted again, 
but require a much greater force. 9. 553. 
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F. 553. But it is not neceſſary, that the parts 
compoling a coherent maſs ſhould be entirely 
without motion, or act upon one another without 
motion; ſince experience makes it plain, that the 
parts of bodies may be violently moved one among 
another, and yet may firmly cohere at the ſame 
time. This appears in muſical ſtrings, and ftretch- 


ed chords, which tremble and make a ſound. 


Alſo in wires of metals, when drawn through 
narrower holes. In things made hot by fire; and 
on many other occaſions. | 

$. 554. We have took notice in $. 494. that 
the leaſt parts of bodies will cohere, being ac- 


cumulated to one another, and that they compoſe. 


all greater maſſes, becauſe they attract one ano- 
ther with a great force. But greater and ſeparate 
bodies may be conjoined ſtill other ways, and made 
to cohere with one another. 

Firſt, by compreſſing or ſqueezing them toge- 
ther by an external force; for as long as they are 


compreſſed they will cohere. The air of the at- 


moſphere, by it's weight, preſſes ſuch bodies to- 
gether as it cannot get between, and which it ex- 
ternally ſurrounds. Hence the hemiſpheres of 
Otto Guerick, having no air within, and being preſ- 
ſed by the weight of the incumbent air, will ſtrong- 
ly cohere together. 

Secondly, bodies cohere which act upon one 
another with a magnetick force. Thus one mag- 
net with another, the magnet with iron, iron im- 
pregnated with magnetic virtue with other iron, 
will cohere and be united in one maſs. 


Thirdly, all bodies cohere when laid upon one 


another, as far as they act by an attracting virtue, 


as appears from all ſuch as have poliſhed ſurfaces, 


by F. 497. Now the ſuperficics of the greater bo- 
les are very rough and uneven, fo that when 


they 
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they are accumulated they touch one another but 
in a few ſmall places, and in others are conſidera- 
bly diſtant. Where they touch the attraction is 
ſtrong, where they are diſtant it is weaker. Where 
the aſperities are fewer, ſo much the nearer are the 
bodies. Hence bodies of very ſmooth ſurfaces at- 
tract and cohere very ſtrongly. Now that the 
ſuperficies may. become ſmoother, they may be 
filled with a fluid conſiſting of ſubtile parts, that 
fills up the cavities and aſperities, and ſtops the 
pores, If therefore between the ſolids liquified 
oil, tallow, reſin, wax, or pitch be interpoſed, 


the bodies will cohere very ſtrongly, and more 


than one would believe. For then not only the 
prominent and contingent parts attract one ano- 
ther, but alſo there will be corpuſcles inherent in 
the cavities, which like loadſtones will attract two 
bodies to one another, and increaſe the coherence 
between them, 

$. 555. The more perfectly the cavities are fill- 
ed by the parts of the interpoſed fluid, fo much 
the more they will attract each body, and produce 
a greater coherence. Hence two cylinders of 
glaſs, whoſe diameters were 1,916 inches, being 
heated to the ſame degree as that of boiling water, 
and joined together by means of melted  tallow 
lightly put between, ſo as to exclude the external 
air, cohered together with a force equal to 130 
pounds. Cylinders of an equal ſuperficies, made 
up of different bodies, heated to the ſame degree, 
and daubed with tallow, cohered together at the 
ſame time with the forces following. 
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Of braſs with the force of 150 i weight. 
Red copper 


200 
Silver 125 
Hardned ſteel —— —— 225 
Soft iron — 200 
Pewter . —— 100 
Biſmuth —— 100 
Golden marcaſite I50 
Lead — 275 
White marble - — 225 
Black marbl — 230 
Ivory — — 108 


F. 356. The heat of boiling water is but ſmall, 
ſo that the ſolid parts are hardly moved by it, or 
the pores opened. Whence the tallow cannot pe- 
netrate very deep into them, or perform the of- 
fice of a ſtrong magnet. Now that this may ob- 
tain, theſe bodies muſt be heated much more, ſo 
that the tallow ſhould boil as it were, when it is 


ſmeared upon the ſurfaces. Then a much great- 


er coherence of the ſame bodies was obſerved, as 


appears from what follows. For then the cylin- 


ders cohered, 


Thoſe of glaſs with the force of 300 {5 weight. 


Braſs 800 
White marble | 600 
Iron — 950 
Red copper 850 
Silver — 250 


§. 557. If the interpoſed fluid be very heavy, 
it will be alſo very ſolid. But becauſe it is bodies 
that attract one another, and not their pores, of 
two fluids whoſe parts are of equal onal and the 
{ame figure, that will attract more ſtrongly which 
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is the heavier. Therefore the ſame bodies will co- 
here much more ſtrongly when they are anointed 
with the denſer fluid, than with the rarer and 
lighter. But this will happen only when the parts 
and figures are equal. For if there 1s a difference 
in theſe, and the figures of the denſer fluid ſhould 
not ſo accurately fill the cavities of the ſolid bodies; 
theſe would attract and connect more weakly, 
Hence it comes to paſs, that the glue of animals 
boiled in water, and daubed between the cloſer 
and harder woods, or ivory, joins them not ſo 
firmly, as if iſing- glaſs had been made uſe of, boiled 
and diſſolved in ſpirit of wine. From the ſame 
principle it is, that water put between metalline 
bodies attracts them leſs than oil which is lighter. 
For water, beſides that it excludes the thicker air 
but very imperfectly, does not attract metals with 
great force. Hence it was that it made the fore- 
mentioned brazen cylinders to cohere only with 
the force of 12 ounces. Rape-oil made them co- 
here with the force of 18 ounces. Venetian tur- 
pentine with the force of 24 ounces ; refin with 
$50 tb. Tallow of candles with the force of 800 Ib. 
But theſe bodies which were interpoſed between 
the cylinders were lighter than water. But pitch is 
heavier than water, and is alſo very attracting. By 


the help of this the cylinders cohered with a force 


of above 1400 6, Care muſt be taken in theſe 


experiments, that the air may not lurk between 


the ſurfaces ; which may be prevented by rub- 
bing them a little over one another, and by 
ſtrong preſſure, Yet whatever care we take, theſe 

riments about cohefion are apt not always to 
fucceed-alike, becauſe we cannot always heat bo- 
dies exactly to the ſame degree, or preſs them to- 
gether with an equal force. So that this matter 


miuſt be left to be confirmed by future obſervations. 


Solder 
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Solder compounded. of lead and a ſmall quantity 
of pewter, attracts copper leſs, and joins two 
plates together with Jets ſtrength, than a lighter 
ſolder made of braſs and pewter, Vet it makes 
them cohere more than colophony, tallow, or 
pitch, but it requires alſo a greater heat. A hea- 
vier ſolder of a good deal of ſilver and a little co 

per will join copper - plates more weakly, than a 
lighter folder of a good deal of copper, and but 


little ſilver and pewter : but it requires a greater 


fire to fuſe it, as is well known to artificers. 

$. 558. Sometimes thin paſts are put between 
hard bodies, with which they become a very hard 
and tenacious maſs; as when lime flaked with 
fand and water, or lime with tofe and water, or 
gypſe mixed with water, is put between two 
bricks or ſtones. Alſo glue made of the parts of 
animals, put between two pieces of wood. In 


tofe and in ſand there is much vitriol, in lime or 


calx much alkaline ſalt, which two ſalts are diſ- 
ſolved by the water, and act upon one another, 
ſince one is acid, and the other alkaline. Alſo 
they much attenuate the terreſtrial parts, eſpecially 
it theſe maſſes tempered with water are left a long 
time to themſelves, and are often agitated and 
mingled together, they become at laſt very fine. 
Therefore when put between the rough ſurfaces 
of bricks or ſtones, they fill the cavities perfectly 
enough, they enter the pores, and thus increaſe 
the contact of the ſuperficies, fo that from thence 
there ariſes a moſt ſtrong coherence. Gypſe, eſ- 
pecially if prepared by fire, contains a ſalt alſo, 


heats with water, ſwells into a greater bulk, and 


grows hard: but much more if it is mixed with 
lime. Glue. fills the pores and cavities of wood, 
which thus touching as it were with very broad 
luperhcies, coheres very ſtrongly. If the glue is 


2 more 
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more ſolid than the wood, the two pieces of wood, 
in thoſe parts which are glued together, ate 
{tronger than the natural wood. But if the glue 
is not ſo ſolid as the wood, the bodies ſo joined 
will not much cohere. Therefore the harder and 
heavier woods are never well joined with common 
glue, but rather with ichthyocolla. 

F. 559. Sometimes two fluid maſſes conſiſt of 
parts that attract one another very ſtrongly, ſo 
that being mingled together, they become a firm 
body. Thus oil of tartar per deliquium, mixed with 
oil of vitriol, is changed into vitriolated tartar, 
Spirit of urine and very ſubtile alcohol of wine 
grow into a hard cake. Spirit of hartſhorn with 
alcahol does the ſame. White of egg with ſtrong 
{pirit of falt by continual agitation becomes a hard 
concrete. Oil of olives with aqua fortis is coagu- 
lated into a maſs that will crumble. Milk by help 
of an acid is curdled into a hard cheeſe. 

F. 560. There are bodies alſo the parts of which 
being ſoft, are made harder or more coherent, 
ſome by cold, ſome by heat. All metals melted 
by fire paſs into hard maſſes by cooling. So all 
ſemi-metals, earthy, and vegetable reſins, glal- 
ſes, &c. the parts of theſe being freed from their 
mutual coherence by fire, are agitated by an 1n- 
teſtine motion; but as the fire flies off, by their 
natural attracting forces they approach nearer to 
one another, till at laſt being very near, and again 
at reſt, they become hard and coherent. Steel 

8 | made hot, and ſuddenly extinguiſhed in cold wa- 

| ter, is again made hard. Other bodies are made 

1 harder by fire, among which is ſoft clay, which 

by being baked is changed into bricks, the water 

I flying off, and the fire attenuating the earthy 

if parts, and diſſolving the ſalts, and diffuſing the! 

among the terrene parts, by which means being 
vehement!y 
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vehemently attracted they cohere. Alſo an intenſe 
fire hardens the white of eggs, cheeſe, chalk, and 
the pieces of ſome ſtones, _ 

$. 561. We join bodies that are ſeparate by 
driving nails, or pegs, through them, penetrating 
both the bodies, which create the greater firmneſs, 
as the nails themſelves are of a firmer matter, and 
the rougher their ſurfaces. Is not water to be 
conſidered in this light, when it is converted into 
very hard ice, ſome particles acceding to it, which 
I ſhall treat of in the 25th chapter? Alſo fruits can- 
died with ſugar, fleſh pickled with ſalt? For theſe 
become harder. R 

Art and nature make uſe of theſe known methods 
for conjoining ſeparated bodies, and making them 
ſtronger. Perhaps there are many more ways, 
not yet diſcovered, for performing the ſame thing. 
Theſe we muſt leave to wiſer poſterity. 

F. 562. That is called abſolute coherence, by 
which a body reſiſts fracture, when acted upon by 
forces drawing according to it's length. 

$. 563. If two bodies are oblong, regular, of 
equal thickneſs through their whole length, if 
they have the ſame length but a different thick- 
neſs, their abſolute coherence will be in the ſame 


| ratio as their thickneſſes. 


For the thicker body is compoſed of many that 


are finer joined together; ſuppoſe it to conſiſt of 
| oblong filaments parallel to one another. The ab- 


ſolute coherence will be as the ſum of the finer bo- 


dies or compounding filaments. But ſo is the 


thickneſs. Therefore the ratio of the abſolute co- 


| herence will be that of their thickneſſes. 


F. 564. This propoſition is very uſeful, when 
from a few experiments, made upon ſeveral kinds 


| of bodies, their abſolute coherence may be known 


trom any given thickneſs. Thus if à thread of 
Yor. J. | flax, 
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flax, of the thickneſs of a horſe-hair, can ſuſtairi 


a weight of 34 pounds, a rope made of theſe 
threads which is 7000 times thicker, will ſuſtain a 


weight of 7000 x 3+ or 24500 pounds. Here 
therefore an experiment 1s ace? is every kind 
of bodies. Here are ſome, and more may be 
found in our phyſical diſſertations. The pieces of 
wood were parallelepipeds, the thickneſs of eve 
ſide was rde parts of an inch. They were broken 
by the following weights. | 


Wood of a lime by 1000 ts. 


Alder ooo 
Fir — 600 
Oak — —— 1150 
Elm 950 
Beech 1250 
Aſh 1250 


Pitch-tree — 550 


Cylindrical wires of metal, of the diameter of 


of an inch, were broken by the weights fol 


lowing, being hung to them, 


A wire of red copper by 299.25 lb. 


Braſs 360 
Gold — £500 
Pewter ——— 49.25 
Lead 29.25 
Silver 370 
Iron - 450 


FS. 565. That force is called relative coherence, 
which a body exerts againſt a force, that acts per- 
pendiculariy upon the longitudinal fibres. 

$. 566. If there are two parallelepipeds FEAC 


and FE AD GH K, that are parallel to the ho- 


rizon, 
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rizon, and of the ſame matter and thickneſs, but 
of different lengths AC and AD : the extremities 
of which are let into fit holes of an immoveable 
wall, and at C and S are applied the breaking or 
burſting powers P and R, which act perpendicu- 
larly upon AC and AD : then the power in C will 
be to that in S or in D, as AD to AC. 

For the parallelepipeds are broke in their ex- 
tremities EA F, firſt the upper parts F E, and 
laſtly in A, ſo that there is a kind of rotation a- 


bout A. Therefore EACandEAD are two 


bending leavers, at the extremities of which EA 
are the reſiſtances, and at AC and AD are applied 
the breaking powers. But by F. 294 It is, the 
weight in C to the power or reſiſtance in E, ſo is 
AEto AC. And the reſiſtance in E to the 
weight R, ſo is AD to AE. Therefore by per- 
turbate ratio it will be, the weight Pin C to that 
of Rin D, fois AD to AC. Or in this manner. 
Becauſe the weights P and R require the ſame mo- 
ment to overcome the ſame reſiſtance in E A, it 
will be PX AC Rx AD. Therefore it will be 
K.. 

8. 567. If there are two parallelepipeds MEACD 
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and F E A C K, horizontally fixed in a wall, of Tab. 8. 
the length A C, and of the height E A, but of Fig. 19. 


different breadth E M and E F, and of the ſame 
matter ; the breaking power P in C D, will be 
to the power R in CK, as the breadth EM to EF. 
Let us conceive in our minds, that the paral- 
lelepiped M C is divided into a number of equal 
parts, by means of ſections parallel to E ACO. 
In like manner conceive F C to be divided into 
ſegments equal to the former. All the equal ſeg- 
ments will be of the ſame coherence, and there- 
fore the coherence in MC will be as the number 
of lections, and ſo likewiſe will be that in F C. 
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But the number of ſections in MC will be to that 
in FC, as E Mis to EF. Wherefore the cohe- 
rences will be in the ſame ratio, as alſo the break- 
ing powers. 
$. 568. If there are two parallelepipeds BACLG 
and EA CI. D, let into a hole in a horizontal 
fituation, and made of rigid matter, of the ſame 
breadth ED, of the ſame length AC, but of different 
heights BA and EA; the breaking powers P and R 
will be in a duplicate ratio of the height AB to AE. 
For becauſe theſe parallelepipeds are broke in 
the hole, in their extreme parts AB and A E, by 
powers acting in CL, the motion of fracture or ro- 
tation will be about A. Therefore the leavers 
BAC and EAC are curved, and thence from the 
nature of the leaver, the reſiſtance in B againſt the 
ower in C, to that in E againſt C, is as B A to 
A. And this obtains in all the intermediate 
points. Beſides, the quantity of the parts to be 
broke in A B, is to that in AE, as AB to AE. 
But their reſiſtance is as their quantity. Where- 
fore the whole reſiſtance of the parts A B will be 
to that in A E, as AB q to AE q. 
§. 569. From the three propoſitions in $. 566, 
567, 568, the ſtrength of all bodies may be known, 
which are every where of the ſame thickneſs, 
provided that certain experiments are made in e- 


very kind of bodies, to be uſed as foundations. 


Some here follow, and more may be had in our 
phyſical diſſertations. 

Parallelepipeds were made uſe of, of which eve- 
ry ſide was is of an inch. But they are bent be- 
fore they are broke, which muſt be taken notice 
of, becauſe the diſtance of the weights from the 
hole thereby becomes leſs, and the leaver 1s thenc 


ſo much the ſhorter. 
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The weight of 


The diſtance of | The diſtance of 

the weight from | the weight from | breaking, or 
the hole at the | the hole at the | that which was 
beginning of | inſtantof break- | hung at the ex- 
the experiment. | ing. tremity. 

Inches. Inches. Ounces. 
Pitch-tree 10 9 40 
Oak 10 8,5 48 
Elm — 11 I 9 e eee 
Fir 11 9,5 — 36,5 
Alder 10 952353 ——— 4 
Beech —— 10 1 56, 


$. 570. The doctrine of coherence is very ex- 
tenſive, in which may be conſidered, firſt, ſuch 
bodies as are ſupported in the middle, when break- 
ing powers are applied at each end. Secondly, 
ſuch as are loaded in the middle, and ſupported 
at each end. Thirdly, thoſe which at each end are 
ſtrictly encloſed in holes, and are broke in the mid- 
dle by ſuſpending weights. Laſtly, thoſe that are 
broke by compreſſing powers, or preſſed downwards 
by weights lying upon them, while they perform the 
office of props. But this doctrine would be too 
prolix for an epitome, and it will be enough for 
us here, to have laid theſe foundations. 


CHAP. XX. 
Of Fluids in general. 


F. 571. HAT ſcience which examines and 

| explains the general properties, ac- 
tions, and paſſions of all fluid bodies, is now call- 
ed hyaroſtaticks; formerly it was called & groſtaticks. 
R 3 5. 372. 
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§. 572. That body is called a fluid, which is a 


collection of very minute corpuſcles, every one of 
which, conſidered apart, is ſo ſmall, that it can- 
not be apprehended by our ſenſes ; the parts of 
which collection yield to any impreſſion, any how 
directed, or ever ſo ſmall, though not greater 
than the weight of the greateſt drop formed by 
any fluid; and by thus yielding the parts are ea- 
fily moved among one another, without the 
motion of the whole maſs or collection. 

$. 373. Philoſophers are uſed to diſtinguiſh be- 
tween fluid. humid, and liquid. They call that a 
liquid, which is indeed fluid, but under the air 
acquires a ſuperficies which is parallel to the ho- 
rizon. Whereas a fluid does not always acquire 
ſuch a ſuperficies, as may be ſeen in flame and 
{moke. 

They call that Þumid, which is fluid, but be- 
ſides in us excites a ſenſation of moiſture. Thus 
it is with water and wine. But the air, fire, quick. 
filver, and metals in fuſion, are not humid. This 
diſtinction ſeems to have no great uſe, becauſe from 
hence the properties of fluids cannot be derived. 

F. 574. It is not therefore one corpuſcle that 
conſtitutes a fluid, but a collection of many. For 
in one how can it be known, that by yielding it 
can eafily be moved with others, according to 
§. 572? Therefore the laſt and leaſt particle of an 
elementary fluid is no fluid. | 

§. 575. Every corpuſcle, which with many 0- 
thers compoſes a fluid maſs, is itſelf firm and 
hard. Or it conſiſts of parts which cohere ſo 
ſtrongly, that they do not yield from one another 
with the ſame force, with which the whole cor- 
puſcle is moved. For unleſs it were fo, the cor- 
puſcles of all fluids would be reſolved into firſt ele- 
ments by the leaſt motion, they would _—_— 

| mo 
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moſt minute, nor could they be ſeen by reaſon of 
their ſubtilty. But experience ſhews the contra- 
ry. For we may {ee with a microſcope, that the 
parts of many fluids are of a ſenũble magnitude. 
We even diſcover them to be ſuch, that though 
they may conſiſt of many leſſer parts, which flow 
and run together, yet they compoſe a mals that 
ſufficiently coheres together. 

F. 576. Wherefore that firm corpuſcle, howe- 
ver ſmall it may be, has all the force, the actions 
and paſſions of greater firm bodies. So that hat- 
ever has been delivered in the former doctrine, 
concerning the gravity, motion, and forces of 
bodies that move, ſtrike, and reliſt, will agree and 
may be applied to them. 

$. 577. In order that a maſs may be fluid, it is 
not required that all the corpuſcles that compoſe 
it ſhould be firſt elements; but they may be par- 
ticles of various orders, as in $. 45. provided they 
are ſtill ſo ſmall, as that ſeverally they may not be 
apprehended by our ſenſes. For we never call a 
collection of ſenſible parts a fluid, though it may 


poſſeſs it's other qualities. The higher the orders 


are, of which the parts are compoſed that form 
a fluid, ſo much the groſſer it will be. And the 


more it conſiſts of particles that approach nearer 


to elements, the finer and more ſubtile it will be. 


Experience informs us, that this obtains in nature, 
ſince there are fluids of different degrees of grolt- | 


neſs; as chyle, milk, blood, ſcrum, lymph, wa- 


ter, oils, and diſtilled ſpirits. 
FS. 578. If therefore there are fluids, whoſe con- 
ſtituent particles are very groſs, and conſiſt of the 


parts of the higher orders; theſe may be made more 
lubtile, if the ſeveral corpuſcles be reſolved into 


| their parts, and theſe into particles of an inferior 
order, and fo on to the very elements themſelvcs. 
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That this may be done, and that the groſſer 


| [ 
| fluids by attenuation. may become very ſubtile, 
. we know from experience. For the white of an t 
egg, which is a fluid of a good deal of tenacity, c 
by incubation paſſes through various degrees, and « 
becomes more and more ſubrile, ſo that at laſt it t 
is more attenuated and ſubtilized than water itſolt. 5 
Blood, which is almoſt the groſſeſt liquor in a f 
man's body, by it's circulation through the vel- 0 
| ſels paſſes into a ſubtile ſerum, and this by conti- IM f 
5 nued attrition is turned into a thin lymph, which t 
| at laſt is attenuated into moſt ſubtile ſpirits. Oils MW | 
are groſs fluids, yet being often diſtilled out of 
| water into very clean glaſſes, always become more n 
F ſubtile, and leaving their groſs dregs behind them, u 
I even contend for ſubtilty with alcohol of wine it- Þ » 
Þ| ieit. Homberg tells us that he diſtilled a pound of I 
\W oil ſix times with quick lime, and that he received n 
Wl 15 ounces of water, only one ounce of oil remain- c 
1 ing. If wax is diſtilled, it yields an acid water, al 
| and an oil as thick as butter; which being often 2 
0 again diſtilled, paſſes into a very thin and fluid n 
1 oil. Thick muſt by fermentation becomes wine, la 
il which by the action of fire paſſes into a thinner I 
1 ſpirit of wine; this by repeating the operation be- in 
in comes a rectified ſpirit z and this by a new attri- a 


tion of fire is attenuated into a very ſubtile alco- 
hol; which diſtilled with oil of vitriol paſſes into fi 
ethereal ſpirit of wine. at 

§. 579. Now as the parts of fluid bodies may ar 
be reſolved, fo it is likewiſe with thoſe of firm bo- 
dies; and from hence we may eaſily underſtand, I v 
how the greater ſolid bodies may be converted in- di 
to fluids : If the parts can be ſo ſeparated, till r 
they become ſo ſubtile, as is required to conſtitute te 
a fluid, and at the ſame time are made round and 
imooth, that they may eaſily flip over one 15 00 
EM | thek. 
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ther. We have an example in ſalts, as ſea- ſalts, 
ſal gemmæ, fountain-falt, nitre, vitriol. Each of 
theſe taken ſeparately, and dried in the fire, and 
diſtilled with three parts of very dry bole, are 
changed into a fine, acid, corroding fluid. Alſo ni- 
tre ſtirred in a moderate fire with calcined alumand 
filings of Zinc, is converted into a white and very 
fine ſpirit. . Lapis calaminaris, or minium, regulus 
of antimony, golden or filver marcaſite, tutty, 
filings of lead, diſtilled with fal ammoniac, are 
turned into a volatile ſpirit, which is very fluid and 


| harſh, as Neman reports. 


Langelot found that gold, by very long attrition, 
might be converted into water. Homberg acquaints 
us, that metals were diſſolved after long attrition 


with water. Tin agitated with mercury ſublimate 


is reſolved into a fine fuming ſpirit. Auripig- 
mentum diſtilled with a double quantity of mer- 
cury ſublimate afforded a white, limpid, fuming, 
and heavy ſpirit, as alſo a lighter ſpirit ſwimming 


at the top. Antimony diſtilled with ſublimated 


mercury became butter, which by repeated diſtil- 


| lations was converted into a very fine fluid. 


Sulphur, fal ammoniac, and quick-lime, mixed 


in equal quantities and ſuffering the fire, pals into 
a red, very fine, and fuming ſpirit. 


Lime-ſtone, chalk, any fort of earth, being 


* firſt macerated by ſpirit of ſea- ſalt, are ſo attenu- 
ated, that they may be intirely diſſolved by water, 


and may conſtitute a mals as limpid as before. 
The parts of animals by putrefaction waſte a- 
way into a fluid. Solid food eaten by animals is 
diſſolved into fluid chyle, fluid milk, blood, ſe- 
rum, lymph. Ice by melting is changed into wa- 
ter. Glaſs and metals by fuſion become fluids. 
d. 580. Foraſmuch as all ſolid bodies have been 
concreted from ſmaller particles accumulated on 
One 
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one another, it is not to be wondered, that fluids 
may again be converted into ſolids, by the con- 
junction of their parts only. Thus water is con- 
verted into ice. Water a thouſand times diſtilled 
from glaſſes has been ſaid to be changed into earth. 


_ Staffordſhire water when filtered by coction has 


been changed into ſand, Oils alone, often pa!- 
fing through the fire by the art of Chemiſts, are 
turned into earth. Nay, a mixture of the alcohol 
of wine with the ſpirit of putrified urine only, has 
grown hard and formed Helmont's cake. A decoc- 
tion of the caput mortuum of quick-lime and ſal 
ammoniac, mingled with oil of tartar per deliqui- 
um, in a ſhort time obtains ſuch a firmneſs, as not 
to be diſſolved any more by water. Flints reduced 
to powder, and melted in a crucible with pot-aſhes 
and nitre, make a powder that 1s ſoluble in water, 
which in proceſs of time petrifies with it and acquires 
a great degree of hardneſs. Spirit of nitre with 
oil of nitre per deliguium afford a ſolid regenerated n- 
tre. Water entering the ſeeds or roots of plants, by 
the power of vegetation is converted into a ſolid 
plant. Chyle from ſolid food, being made fluid in an 
animal body, by virtue of the ſtructure of the vel- 
ſels is changed into bones, fleſh, and other firm 
parts. The fluid contained in the filarium of ſpi- 


ders, caterpillars, and of like animals, as ſoon as 


it is expoſed to the air hardens into filk, nor is it 
foluble in oil, ſpirit, or water. Mercury after 
an hundred diftillations becomes a red, ſhining, 
bitter powder, of a metalline taſte. Wax in the 
ventricle of a bee is liquid, but as ſoon as it touch- 
es the air it grows hard. 

$. 581. Now whether a firm maſs becomes a 
fluid, or a fluid is changed into a ſolid, or a groſ- 
ſer fluid is attenuated into one more ſubtile, itil! 
the ſame weight remains, On ſome 3 as 
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| deed it is increaſed, but never diminiſhed, except 


when the parts fly away. Therefore in all theſe 
changes every particle retains it's gravity unchang- 
ed; for the weight of them all exhibits the ſum 
of the weight in the whole maſs. Therefore they 
argue againſt all analogy, who imagine that 
- fluids of a determinate groſsneſs have weight, but 
as ſoon as they paſs to ſome more ſubtile degree, 
ſuch as they conceive the ether to have, they loſe 
all weight. | 

$. 582. Becauſe the particles of fluids are very 


ſubtile, it will appear very plainly, that they may 


eaſily penetrate into all other bodies, by entring 
into their pores. Hence the air paſſes through all 
kinds of wood, for their pores are very patent, 
and larger than the particles of air; ſo that the air 


eaſily enters and paſſes through them. Water pe- 


netrates into all kind of vegetables, and many parts 
of animals, which of rigid it makes ſoft, and cauſes 
them to ſwell. Oil ſoaks into wood, and into 
moſt ſtones ; mercury int» ſome metals, and into 
animal bodies. 

F. 583. It is probable that the parts of fluids 
are endued with the figure of a ſphere or of a ſphe- 
roid. For firſt, bodies of this figure are very ilip- 
pery and move eaſily over one another, as the 
parts of a fluid are moved. 

Secondly, becauſe the greater parts of all fluids, 
which may be ſeen by the help of microſcopes, 
have this figure; as milk, blood, ſerum, oils, 
quickſilver. Air always affects this form. If the 
imoke of coals be received by a plain ſuperficies, 
and viewed by a microſcope, ir exhibits nothing 
but meer globules. Mr. Derbam examined va- 
pours in a dark chamber, and by a microſcope 
found them to be ſpherical. If this obtains in flu- 
ids of groſſer parts, we may conclude by W 

that 
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that it is ſo likewiſe in fluids of more ſubtile parts. 
The reflexion or repercuſſion of light, in an angle 
equal to the angle of incidence, proves the ſame 
thing in light; whence Des Cartes, Wolſius, Mai. 
ran, and other Philoſophers have made no ſcrupl: 
to aſcribe a ſpherical figure to particles of light. 

§. 584. if fluids are compoſed of ſpherical or 
ſpheroidial corpuſcles, they muſt leave many in- 
terſtices between them, into which leſſer part 
can inſinuate, without the intumeſcence of the 
whole mals. Hence ſalt diſſolved in water fills up 
the interſtices. Which will be done ſtill more 
accurately, if ſugar be then added; and more {till 
by the farther addition of alum. 

§. 585. If fluids be compared with one another, 


they will not all be found to be equally fluid. For 


the moſt fluid of all fluids is fire, and light; after- 
wards air; ethereal ſpirit of wine is more fluid 
than alcohol, this is more fluid than the common 
ſpirit of wine,. which is more fluid than water, 
this than wine, this than muſt, this than ſyrup 
and oil. We have no knowledge of a fluid which 
is perfectly ſo, becauſe all bodies attract one ano- 
ther, therefore the parts can never be removed 
from one another, but by a force that overcomes 
the attraction. The greater fluidity of ſome bo- 
dies ſeems to depend on theſe cauſes. Firſt, the 


ſubtiler the parts are that conſtitute the fluid, c- 


teris paribus, ſo much the more fluid or moveable 
the fluid will be. Secondly, the leſs weight the 
parts are endued with, that conſtitute the fluid. 
Thirdly, the more poliſhed and ſmooth their ſu- 
perficies are. Fourthly, the leſs force of attraction 
the parts have. F A the nearer their figures 


approach to that of a ſphere. Sixthly, the harder 


the parts are. Laſtly, the more the parts differ 


that compoſe a mixed fluid, thereby increaſing theit 


mobility. 
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mobility. Perhaps future diſcoveries may ſhew 
us, that ſtil] more cauſes are to be admitted. 


$. 586. On the contrary a fluid will be ſo much 


| the more tenacious, as it's particles ſhall be more 


groſs, heavier, of rough ſurfaces, hardly ſpheri- 
cal but of irregular figures, ſoft, much attracting, 
leſſening the mobility. | 

$&. 587. As theſe in F. 585, 586. differ from 
one another by various degrees, fluids alſo will have 
different fluidity and viſcoſity. | 

$. 588. Therefore does the nature of a fluid 
require a perpetual motion of the parts, which be- 


ing taken away does a fluid body harden into a 


ſolid, as ſome have imagined? Both reaſon and 
experience inform us, that the matter is far other- 
wiſe. Though ſome maſſes are fluid only, when 


their parts are ſeparated by the action of fire, and 
are agitated by a violent motion; as it is with 
metals, wax, tallow, when melted by the fire. 
For the parts of theſe bodies attract one another 
ſo violently, that they cannot be ſeparated but by 
the interpoſition of fire, and therefore they become 


a firm maſs. But that this is not the caſe in other flu- 


ids may from hence appear. If a fluid be ſqueezed 
with a great force in a firm ſphere at reſt, as in the 
experiment of F. 716. to prove the incondenſibility 
of water, will not all the parts that touch one ano- 


ther be ſo cloſely driven together, that they can- 
not move becauſe of the attrition that would thence 
ariſe, unleſs ſome violent cauſe ſhould intervene, 


which could overcome that attrition, if ſuperable? 
| In ſuch a caſe would the parts be agitated by an 
| inteſtine motion? This does not ſeem probable. 
| Secondly, becauſe all the parts of fluids attract 
one another, as is manifeſt in their ſmall parts or 

| drops, they muſt neceſſarily be at reſt, after they 


have arrived at an equilibrium by their mutual 
3 attraction, 
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attraction. Nor can any motion ariſe, but from 
ſome external cauſe that ſurmounts the attracting 
force, and tears one part from another. Third) 
nor in any pure fluids, collected into a veſſel 
reſt in a quiet place, can any inteſtine motion d 
the parts be obſerved, however nicely thoſe ob. 
ſervations may be made. Fourthly, if any filth 


mud, ſand, duſt be mingled with the water; while 
the inteſtine motion continues, all theſe thing 


will continue to float and ſwim in the water, bu 
when the water ſtagnates in a quiet place, thi 
duſt, mud, or ſand ſubſides. Which ſhews tha 


the inteſtine motion does not continue, eſpecially i 


if we can perceive by means of a microſcope, tha 


mud of the ſame gravity will flow in the wat 


near the bottom of the veſſel. This ſeeins to be 


intirely at reſt, and therefore the fluid, which 
ſurrounds it on every ſide, muſt be at reſt allo, 
Fifthly, the parts that conſtitute a fluid have no 


a ſuperficies perfectly polite, becauſe they conlil 


of leſſer particles, which muſt leave pores and in. 


terſtices between. Therefore the ſuperlicies mul 
neceſſarily be uneven, and then bodies with fuck 
ſurfaces, moving upon one another, muſt ſoon 
loſe all motion, eſpecially when ſtanding in a quict 
place. 

§. 589. Thoſe that inſiſt upon the inteſtine mo 


tion of fluids, prove nothing by urging, that li 


T5 


gar and ſalts, which are melted in water, infet 


the parts of the water to be in motion. For that 


motion of ſolution is then only excited in the we 
ter, when the ſalts or ſugar is put into it. Ihe 
bodies mutually attract one apother, and thence 4 


motion ariſes, of which there was no token befor. 
And that a motion is generated, which had no &- 
iſtence before, is proved by the ſolution of metal 


in acid menſtruums, which is performed with 
| ve 
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very great efferveſcence. For he would be thought 


very abſurd who ſhould maintain, that there were 


any ſuch motion in the menſtruums betorehand. 
Nor is any thing proved by aſſerting, that the 
parts of the fluids do not touch one another, but 


are at ſome diſtance, which opinion is not favour- 
ed by microſcopical obſervations. 


590. If a fluid maſs is compoſed of particles, 


which are all of the fame order, §. 48. and of the 
fame magnitude, the fluid will be pure and homo- 


geneous. 
But if it is compoſed of particles of different or- 


ders, it will be heterogeneous and impure. It 
will therefore approach ſo much the nearer to be- 


ing homogeneous, as there are more particles of 


the ſame order to conſtitute the maſs. We cannot 
know whether there are any homogeneous fluids. 
Perhaps pure water, pure air, pure mercury, and 


any ray of light when parted into it's colours, may 


approach neareſt to this. 


F. 391. But perhaps with the particles of fluids 


© the particles of ſolid bodies may alſo be mixed, 


whether great or ſmall. Therefore there may he 


an infinite variety of mixed fluids, as indeed may 


be obſerved in nature. So many vegetables as 
there are, ſo many different waters diſtilled from 


them, made either by coction or infuſion, of dif- 
> ferent qualities, taſte, and ſmell. The parts of 


all falts may be diſſolved in water; hkewiſe the 


acid parts of theſe, conſtituting then acid corroding 
ſpirits, in which again the diſſolved parts of metals, 
ſtones, earths, may float, and may compoſe fluids 
of different ſpecifick gravity, tenacity, fluidity, 
hardneſs, ſoftneſs, compreſſibility, &c. 
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Of the Attion of d Huld, >atifing from it's Gravih. 


§. 592, Ecauſe all the parts of a fluid are hea- 

vy, if ſome of them, as A, B, C, D, E, 
inſiſt upon one another perpendicularly, they will 
act by their gravity upon one another, the upper 
one A being ſuſtained by the ſecond B; and al- 


ways every lower one will ſupport the gravity of 


all the ſuperior ones that are incumbent upon it, 
ſo that the loweſt will be preſſed by the gravity of 
all that lie upon it, A, B, C, D. In the mean time 
all the lower ones, which ſuſtain theſe above them, 
react upon theſe by urging them upwards ; ſo that 
as much as the loweſt E is preſſed downwards, ſo 
much it repreſſes all thoſe above it upwards. 

§. 593. If therefore the veſſel RX Z S contains 
ſuch a ſeries of parts of a fluid reſting one upon an- 
other, the bottom X Z will be preſſed by the 
gravity of all A, B, C, D, E. And this bottom 
that ſuſtains them will as much repreſs them up- 


Wards. 


§. 594. If ſeveral ſuch ſeries FG, H K, AZ, 


perpendicular to the horizon and equal to the for- 


mer AZ, are diſpoſed cloſe to one another; the 
action of the parts of the fluid, as well in regard 
to their preſſure on one another, as to their reac- 
tion, will be as in F. 592. Therefore the deeper 
any body is immerſed in a fluid, ſo much the more 
it will be preſſed by the incumbent heavy parts. 
This is proved by the tube A B, having a little 
bag full of mercury at it's other extremity A. For 
the deeper the bag A is ſunk in the fluid of the 
veſſel C D E F, ſo much the higher the mercury 
aſcends in the tube, 

9. 595. 
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$. 595. Becauſe as much as the particles preſs 
downwards, ſo much by reaction they are urged 
upwards, they will all be in equilibrio ; and there- 
fore by a very little force, that is able to overcome 
the attraction and attrition of the parts, they may — 
be moved upwards or downwards, this way or that | 
way, as if they were deprived of their gravity. | 
Hence a phial full of water, and ſuſpended in fl 
water on a balance, is raifed by a very little weight. | 
Yet notwithſtanding the fluid retains it's weight in { 
the fluid, For if we ſhould weigh an empty phial | 1 
ſunk under water, and weigh it again when it 1s 
filled with water, it will be found ſo much heavier 
as is the weight of all the water that fills the phial. 

$. 596. Moreover the action of the fluid upon 
the bottom of the veſſel X Z will be equal to the 
gravity of all the parts of the fluid taken together. 
Hence in all veſſels, whoſe ſides are perpendicular 
to the horizontal bottom, the bottom 1s preſſed 
downwards by the fluid as much as is the weight 
of the fluid: as experience confirms in a cylindri- 
cal veſſel, the bottom of which is moveable. 

$. 597. Therefore as the quantity or number 
of the ſeries of equal height in different veſſels, 1.0 g. 
containing the ſame fluid, but having bottoms pig. 12, 
XZ and MN of different magnitudes, ſo will be 13. 
WF theprefſure upon the bottoms, and ſo likewiſe the 
IF weight of the infuſed fluids RXZS and LMNO. 

| $. 598. Several ſeries of parts joined together 

to ſome notable thickneſs, and conſtituting a pa- 
rallelepiped or cylinder, are called a column of fluid. 
Philofo hers, for geater caſe, are uſed to conſider 
ſuch = = as compoſing a fluid, 

F. 599. In a veſſel every where of equal capaci- 
ty, and whole ſides are perpendicular to the hori- 
zon, the higher the columns of a fluid are, fo 

much more the bottom of the veſſel will be 

. 8 preſſed, 
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preſſed, and that by a force which is proportional 
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to the height of the columns. For ſo are the 
weights of the fluids, which act upon the bottom 
with their whole force. 

$. 600. So that ſuppoſing two veſſels equally 
large, with ſides perpendicular to the horizon, and 
parallel to one another, but filled with the ſame 


fluid to various heights ; the forces of the fluids 


Tab. 10. 
Fig. 2. 


preſſing upon the bottoms will be as their heights, 

$. 601. Therefore if the veſſe] were a priſm 
ABC, one of whoſe ſides B C, being oblique to 
the horizon, does the office of a bottom, the o- 
ther ſide A B 1s perpendicular to it 3 the columns 
of the fluid DE, FG, HI, L K, of different 
altitude, ſtand upon the baſe B C, and will preſs 
the parts of the bottom E, G, I, K, in the ratio 
of their height. 

$. 602. Theſe things will alfo obtain in like 
manner, in veſſels having ſides and bottoms of any 
form whatever. 

$. 602. Therefore if two veſſels K LM N and 
O POR having ſides perpendicular to the horizon 
and parallel to one another, ſhall have horizontal 
bottoms LM and P Q of different largeneſs, and 


different heights K Land O P of the ſame fluid; 


the bottoms will be preſſed in a ratio compound- 
ed of their magnitudes, and the altitudes of the 
fluids. | 

Let it be LM. PQ :: 1. 3. ſuppoſing the ſame 
heights the preſſures will be as 1 to 3. Let it be 
beſides K I.. OP:: 1. 2. then ſuppoſing the 


bottoms equal, the preſſures will be as 1 to 2. 


Tab. 8. 
Fig. 15. 


Therefore the bottoms and altitudes being both 
ſuppoſed unequal, the preſſures upon L. M and 
PQas1Xx1to 3 x 2, or as 1 to 6. 

$. 604. Becauſe the parts of the fluid will not 


he in ftrait rows perpendicular to the horizon, but 
in 


„ „ pts mos — — 


NATURAL PHILOSOPHY. 


in a various and irregular ſituation 3 they will alſo 


reſs one another laterally, and becauſe they will 
yield to the leaſt preſſure, they will yield laterally, 


* and in every oblique direction, as much as they are 


urged perpendicularly downwards. EY 
F. 605. Therefore every column of a fluid is 


- acted upon laterally, and in every oblique direc- 


tion, with as much force in every height, as it is 
ated upon perpendicularly downwards by it's gra- 
vity at the ſame altitudes. This experience informs 


us, by putting oblique tubes in a fluid, variouſly 
inclined and with both ends open, 1nto all which 


the fluid flows, and riſes to the ſame height. 


$. 606. If a cubical veſſel » X Z E perpendi- Tab. 10. 
© cular to the horizon be filled with a fluid, every Fig. 3. 
one of the ſides, as X, will be preſſed outwards 


by a force as little again as that by which the bot- 
tom is preſſed downwards. 

In the ſide Xi we may conceive any number of 
points a, B, y, u, from which to the. diagonal XZ 
let perpendiculars be drawn upon X », as &, g, 
yy, ; each of theſe will be equal to the heights 


to which they anſwer from the higheſt point X. 
© But the preſſures of the fluid upon theſe points are 
as it's altitudes, and therefore as the aforeſaid 


lines, If they are drawn to all the points in X # 
they will complete the triangle X » £, which 


| therefore may repreſent the ſum of the lateral 
© preſſures. But the preſſure acts upon the bottom 

A, or upon every one of it's points, with al- 
| titudes equal to A A, BB, CC, DD, EE; and 
| lince there are as many points in AZ as in X », 


and all the preſſures upon A Z, repreſented by 
means of the lines, complete the parallelogram 
XAZE, which is double to the triangle Xu Z; 
it appears that the bottom is preſſed by a double 


force, in reſpect to that whereby any ſide X is 
preſſed outwards. S 2 


& 607. 
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$. 607. Therefore the four ſides of a cubica] 
veſſel, being perpendicular to the horizon, will at 
the ſame time be preſſed outwards by the fluid by 
forces that are as great again as thoſe wherewith 
the bottom is preſſed. Wherefore the preſſure 
upon the bottom being alſo taken into the account, 
from the action of gravity of a fluid, a preſſure 
three times greater may ariſe, than would ariſe 
from the action of gravity only of a ſolid body, 
Hence wax when cold and hard, filling a cubical 
veſſel, acts leſs upon all the ſides of the veſſel than 
when it is by fire reſolved into a fluid. 

$. 608. If the ſide of a veſſel, full of a fluid, be 


the parallelogram X E Zu, let X E be divided 


into two equal parts in C, and let C C be draun 
parallel to EZ, which is to be ſo divided in O, that 
C O may be 3 of CC. then the point O wil 
be the center of preſſure. For the center of pre- 
ſure in this plain ought to be in the right line CC 
that divides the plain into two equal parts ; but 
in the right line CC fram the top to the bottom 
reſſures are exerted, which are as the triangle 
XYZ. But the center of gravity of a triangle is + 
parts from the vertex. Therefore the center of 
gravity or of preſſure in C C will be at the diſ- 
tance of +5 parts from the vertex. 
F. 609. It the bottom of a veſſel is parallel to 
the horizon, and all the columns of the infuſed 
fluid ſhould not be of the fame altitude, becauſe 


of the mutable ſtate of the fluid; by the lateral 


preſſure the longer columns would flide into the 


ſhorter, 'till all became of the ſame length, and 


all the lateral preſſures ſhall be in equilibrio. 


The ſame effect alſo will neceſſarily be produced i 
by the perpendicular preſſure; for the longer co- if 


lumns will gravitate more than the ſhorter, and 


will therefore. deſcend, and by that will raiſe up 


the ſhorter, *till all are equal and equally poiſed. 


I F. 610. ; 
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F. 610. Therefore the ſuperficies of a fluid that 


remains at reſt will be parallel to the horizon, and 


therefore will be ſpherical, or ſpheroideal, whoſe 


center is the center of the earth; and then the 


fluid is ſaid to be level. 
F. 611. Many other phænomena may be un- 


derſtood from the lateral preſſure of fluids. As, 
if there be two veſſels A B and CD, of equal dia- Tab. 10. 
ameters, that communicate with each other by Fig. + 

means of an intermediate B DG H ; a fluid poured 
into the veſſel A B will flow into the other veſſel 
C through the tube BD, and will aſcend to the 
ſame level in both. Becauſe the fluid in AB can- 
not be at reſt *till that in C D preſs the interme- 


diate fluid BD laterally with an equal force: which 


can only be effected, when the altitudes of the 
© fluids in A Band C D ſhall be equal. 
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F. 612, Nor is it any matter if the veſſels have Tab. 10. 


different capacities. For the fluid in a narrow 
veſſel C D preſſes as much laterally, as that in a 
larger veſſel C D E. F, ſince the lateral preſſure 1s 


equal to the perpendicular; and therefore in the 


narrow veſſel C D, and the larger veſſel CE F D, 


if the fluids have the ſame altitude, the lateral 


pteſſures will be equal: which is confirmed by 
experience. 


Fig. 4. 


$. 613. If there be a conical veſſel A G S C, Tb. 15 


let the baſe of the cone G S be it's bottom, and Fig. 
it's vertex A C be upwards, and let it be filled 
with a fluid. The bottom GS will be preſſed 
with the ſame force, as if the cylindrical veſſel 


RG ST of the ſame baſe were filled to the ſame 
altitude. 


For in the cone let there be conceived columns 


of the ſame baſe as the middlemoſt and longeſt 
AB CD, belonging to the vertex, This mid- 
dlemoſt endeavours to deſcend, and to raiſe up 
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Tab. 10. 
Fig. 5. 


Tab. 10. 
Fig. 6. 


Tab. 10. 
Fig. 7. 


let water be poured into the larger veſſel, and it 
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the next ſhorter columns EE, FF, OO, II. But 
theſe cannot be raiſed becauſe of the reſiſtance of 
the ſide of the cone in E, F, G, O, I, V, S. By 
this reſiſtance therefore they will be urged back 
towards the baſe, with a force equal to that, as if 
the columns AE, KF, RG, CO, ITS, had been 
incumbent on them. And therefore the whole 
bottom G S will be preſſed with the ſame force, 
as if the cylindrical veſſel R GS T had been filled 
with the fluid. 

$. 614. Therefore the vertex of the cone being 
produced to any height CP, by means of a tube 
connected to it, and filled with the fluid ; the baſe 
GS will be preſſed with the fame force, as if a cy- 
lindrical veſſel, with the baſe G S and altitude 
PD, were full of the fluid; as is found by expe- 
rience. 

$. 615. Nor 1s the preſſure of the fluid other- 
wiſe upon the bottom GS of the cylindrical veſſel 
GS RT, from whence a tube P C is raiſed on 
high. For this being filled as high as P, the up- 
per fide R T will be preſſed upwards, as much as 
a fluid of the height PC and the baſe RT gravi- 
tates downwards; as is proved alſo by experiment. 
Wherefore ſuppoſing the tube PC to be very 
narrow, ſo that a ſmall quantity of fluid may fill 
it, but the baſe RGST to be very wide; a vaſt 
force may be exerted every way upon the ſides of 
the veſſel by a very little quantity of fluid. And 
if the veſſel RGS T be made of a pliant lea- 
ther, by a few drops of water a very great weight 


may be raiſed, if put upon RT. This we have 


proved by the hydroſtatical bellows. 

$. 616. The preſſure of a fluid upwards is al- 
ſo evinced by this experiment. Take a cylindr- 
cal glaſs AB CD, and another narrower E GX; 


will 


— ee co.cc rr ... : a. 
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will lift up the narrower, E G X, although it is 


| loaded. 


$. 617. The preſſure of a fluid downwards is 
the occaſion, that the ſame quantity of fluid may 
ſeem to have a very. different weight, only by 
preſſing downwards the bottom of the veſſel by a 


different force. For let there be a veſſel DHEK Tab. 10. 
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filled with a fluid to FM, and reduce it to equi- Fg. 8. 


librium, when hung to a balance. Let there be a 
ſolid cylinder ASB, ſtanding out of a firm wall 
by means of the arm B C. Raiſe the veſſel that 
it may receive the cylinder A B, and that the flu- 
id may ariſe to GO. That being now higher than 
before, will preſs the bottom H E downwards 
with a greater force, nor will be any longer in equz- 
librio with the former weight in the balance. 


F. 618. If the veſſel be a cone, or a part GACS ab. 10. 


of a truncated cone, with it's vertex A C looking Fig. g. 


downwards, it's baſe GS upwards, and if it be 
filled with a fluid, the bottom A C will be preſ- 
ſed by it, as much as it would be preſſed by a cy- 
linder A CBD of the ſame altitude as the veſſel, 
and the ſame diameter as the bottom A C. For 
the other lateral fluid 1s ſuſtained by the oblique 
ſides of the cone, nor can it increaſe the preſſure 


of the longeſt column A CBD. 


HAP. XX 


Of a Fluid running through an Aperture of a Veſſel. 


S. 619. JF the horizontal bottom of a veſſel 
| AB CD, which is full of a fluid, Tab. 10. 
be perforated in ſeveral places E, G, F, with equal Fig. 19. 
| holes; the fluid will run out of all theſe with the. 
| lame celerity, | 
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F ig. 10. 


Tab. 10. 
Fig. 10. 
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For equal columns of the fluid incumb upon the 
particles E, G, F, which anſwer to the holes, and 
preſs with equal gravity ; ſo that an equal celerity 
will be communicated to thoſe particles. 

$. 620. Therefore through each of the holes, 
in equal times, equal quantities of the fluid will 
run out, as experience confirms *. OY 

$. 621. Becauſe the particles of a fluid, of the 
ſame height, are preſſed with equal force accord- 
ing to every direction, the fluid will run out, both 
through the holes at the bottom, as alfo-through 
the holes at the ſides having an equal height with 
the bottom, with the ſame celerity and quantity, 

$. 622. By how much the fluid ſhall fill the 
veſſel ABCD to a greater height, ſo much the 
ſwifter it will run out through the holes E, G, F, 
at the bottom. | 

For if a column of the height H G ſhall incumb 
upon the hole G, the particle anſwering to that 
hole is preſſed by the weight of the column H G. 
But when the column ſhall obtain the length K G, 
the particle in the hole will be preſſed by a great- 
er power K G, which therefore will communicate 
a greater velocity to it. 

F. 623. Suppoſing various heights H G, K G, 
of the fluid, the velocities of the particles running 
out at the hole G, will be in a ſubduplicate ratio 
of the altitudes H G and K G. 

For the gravities of the incumbing columns are 
the preſſing powers, which communicate forces to 
the particles in the hole G in proportion to their 
magnitudes, that 1s to their altitudes ; but the ce- 
lerities are in a ſubduplicate ratio of the forces, by 


F. 190. And therefore the celerities will bein a ſub- 
duplicate ratio of the altitudes H G and K G. 


Hamel. Hiſt, Acad, Reg. L. 1. S. 2. C. 5 
8 F. 624. 


NATURAL PHILOSOPHY. 


$. 624. The particles of the fluid run out at 
the hole G with the ſame velocity, as if they had 
fallen freely from a height equal to the column 


© KG. 


For by 8. 238, the force of a body freely fall- 


ing along KG is in G as KG; but the force of 
a particle running out of the hole G, and leaving 


the column, is as the number of the particles con- 
ſtituting the column K G, or as K G; therefore 


as there is an equality between the forces in both 


caſes, there will be the ſame velocity. 

Polenus has proved this propoſition by an ex- 
periment *. He inſerted a cylindrical tube of 7 lines 
long, and 3 lines diameter, into the bottom of a 


veſſel 13 feet high; in the time of one minute 


there run out 905 cubick inches of water, which 
converted into a cylinder whoſe baſe is the tube, 
make a length of 1536 feet. A heavy body fall- 
ing freely from the height of 12 feet acquires a 


velocity, by which it deſcribes 1680 feet from the 


height of 13 feet. So that the fluid flowed ſwift- 


er than a heavy body falling from the height of 12 
| feet, and ſlower than a heavy body falling from 
13 feet, by reaſon of the attrition of the parts 


againſt the ſides of the tube. However it appears 


| ſufficiently from hence, that abſtracting from the 
| attrition, the velocities of a heavy body freely fall- 


ing, and of a fluid running out, are equal to one 
another. 


F. 625. If there are two veſſels of different alti- 


| tude, which are perforated at the bottom with e- 

qual holes, and filled with the ſame fluid; the 

quantities of the fluid that run out of each veſſel 
uin the ſame time, will be as the velocities with 

| Which they run out, and therefore in a ſubdupli- 
| Cate ratio of the altitudes above the holes. | 


In Epiſtola ad Marinonium. 


We 
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We prove this truth by an experiment, by 
which we ſhew at the ſame time, how by know. 
ing the quantity of a fluid that runs out of a given 
veſſel, in a given time, at a certain aperture, we 
may find the quantity of a fluid that will run out 
of another veſſel, through any aperture in any 
Time. Mariott has made ſome trials, by the help 
of which we may know the quantity of running 
water. He took a veſlel full of water, and made 
a hole of the diameter of + of an inch, at the 
depth of 13 feet from the ſuperficies. In a mi- 
nute's time there run out 14 pints, Paris meaſure, 
Therefore we may know how many pints would 
run out of ſuch a hole in the ſame time, if that 
veſſel were perforated on the {ide at various alti- 
tudes, Here follows the table. 


Height of the water in | Quantity of water run- 
feet. ning out, meaſured in 
pints. 
1i— — 3,8829 
Jö; 89. 
10 — — 12,2770 
13 —— — | ——— 14,0000 
15 — —— | —— 15,0383, 


Now let any other altitude be taken at pleaſure ; 


therefore as 13 feet to 14 pints, that flow out of a 
hole of + of an inch, in the ſpace of one minute, 
ſo is a mean proportional between 13 and the 
aſſumed altitude to the quantity of water that will 
run out in the ſame time through a like hole. 


F. 626. If a veſſel AB C D always continues 


to be alike full; in what time a heavy body falls 
freely the height of the flued E F, there will run 


by 
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by the hole E a- column FH, which will be as 
long again as E. F. 


For the fluid running out at F moves with a ce- 
lerity which a heavy body acquires by falling from 
Eto F. But it runs through F always with the 


© fame velocity; but from E to F from reſt it moves 
* with an accelerated velocity. Wherefore the fluid 


running out at F will move twice as much ſpace, 


Fe heavy body deſcribes by falling from E to F. 


$. 627. If the bottoms of two equal and like 
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cylindrical veſſels AB DC, FG HL, are perfo- Tab. 10. 
rated with unequal holes E and K, and if the al- Fig. 12. 


* titudes of the fluids are equal alſo; the times of 


their evacuations will be in a reciprocal ratio of 
the holes, | 

Conceive the fluids in the veſſels to be divided 
into columns, the baſes of which are equa! to the 
holes; ſince in each veſſel theſe are of equal height, 
they will run out in equal times. So that the 
time of evacuation of the veſſel A BD C will be 
to that of FG HIL, as the number of columns in 
ABCD is to that in FGHL. But theſe numbers 
are reciprocally as the magnitudes, and the mag- 
nitudes of the columns are as their baſes, that 1s; 


as the holes. Therefore the times of evacuation 


will be in the reciprocal ratio of the holes. 
§ 628. If in two cylindrical veſſels ABCD 


and E FG H that are <qually high but of une- Tab. 10. 


qual diameters, the apertures at the bottoms are Fig. 13. 


equal; let them be filled with the ſame fluid to 


| equal heights, and the times of their evacuations 


will be in the ratio of the baſes of the veſſels. _ 
_ Conceive both the fluids to be divided into 
columns, of equal diameter with the apertures z 


now becauſe they are all of the ſame height, and 


run out at the ſame time, the time of evacuation 


in AB CD will be to that in EFGH, as the 


number 
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number of columns in ABCD is to that in 
E FG H. But thoſe numbers are as the magni- 
tudes of the cylinders, and theſe as the baſes, 
Therefore the times of evacuation will be as the 
baſes. Mr. Picart has obſerved, that this agrees 
with experiments *. 

$. 629. If therefore the foregoing veſſels, F. 628, 
ſhall have their apertures in the ratio of their ba- 
ſes, they will be emptied in the ſame time. And 
in general, if cylindrical veſſels of the ſame height, 
but of unequal diameters, are perforated at their 
bottoms with unequal holes, and are filled with 
the ſame fluid to the ſame height, their times of 
evacuation w1ll be in a ratio compounded of the re- 
ciprocal ratio of their holes, and the direct ratio 
of their bales. 1 

$. 630. If two cylindrical veſſels A B C D, and 
E F GH, of unequal height, but of equal diame- 
ter, are filled with the ſame fluid; if they are per- 
forated with equal holes at the bottom, their times 
of evacuation will be in the ſubduplicate ratio of 
their altitudes. 

For the velocity with which the fluid runs out 
of the veſſel ABCD, is to that with which it runs 


out of EFG H, as AB toy EF. But as the 


the velocity of the fluid running out of AB CD 


is to that of E F GH, fo is the quantity of that 
to the quantity of this. And again, as the quan- 
tity of the fluid running out of the veſſel, ſo is it's 
evacuation. Therefore in an equal time the eva- 
cuation of the veſſel AB C D will be to that of 
EFGH, as AB to / EF. But the quantities 
of the fluids in the veſſels are as AB to EF. Therc- 
tore that theft may run out, the times muſt be as 


2 Hiſt. Acad, Reg. Lib. 1. p. 50. 
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N „AB to YE; for ABXYAB = AR, 
and V EFXYV EFS EF. 


Let the veſſel A B CD be 4 times higher than 
E F G H; therefore the velocity of the fluid 


beginning to run out of the higher, to the velo- 


city out of the lower, is as 2 to 1; therefore the 
quantities that run out at the ſame time are as 2 to 1. 
And as this will always obtain, a double time will 
be required that the quantity of fluid out of the 
higher veſſel may be to the other as 4 to 1. But 
the quantities of the fluid in the veſſels are as 4 to 
1; therefore the times of evacuation will be as 2 
to 13 or as the ſquare- roots of the altitudes. This 
we confirm by an experiment. 

$. 631. Therefore the times of evacuation in cy- 
lindrical veſſels of unequal height, diameter, and 
holes at the bottom, are in a ratio compounded of 
the reciprocal ratio of the holes, the direct ratio of 
the baſes, and the ſubduplicate ratio of the altitudes. 
F. 632. From what has been hitherto deliver- 
ed, the propoſition heretofore propoſed by Torri- 
celli may be underſtood. Cylindrical or priſma- 
tical veſſels, that are perforated at the bottom, are 


exhauſted according to this law, that the whole 


time being divided into equal parts, the emiſſion 
in the laſt time will be as 1, of the laſt but one as 2, 
of the time before that as 5, and ſo on; that is, 
as the odd numbers, beginning from unity. 
Becauſe the faſter the veſſel is emptied, ſo much 
the ſhorter column is incumbent on the hole, 


which cauſes the particles to be leſs preſſed, and 


to go out with leſs velocity ; and therefore the 
fluid runs away with a retarded motion. Now the 
retardations of bodies projected upwards are in a 
lubduplicate ratio of their altitudes. But the re- 


Lib. 2. de motu proj. p. 202. : 
tardations 
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tardations of a fluid running out are alſo in a ſub. 
duplicate ratio of the lengths of their columns; 
therefore a fluid runs out with a like motion, 
wherewith bodies are carried upwards. Now the 
ſpaces of theſe deſcribed in equal times are as the 
odd numbers ; and beginning from the laſt time, 
they will be as 1, 3, 5, 7, &c. therefore thus will 
be the quantity of a fluid deſcending in a veſle], 
beginning from the laſt time. Picart has confirm- 
ed this by an experiment *. 

$. 632. But if a veſſel is to be conſtructed, out 
of which a fluid is to run, and to deſcend by equal 
altitudes in equal times, it is required that B td q q 

ſhall be to DI qq, as AH to AI. 
Tab. 10. Let the axis A H be divided into equal parts 
Fig. 18.“ HI, IL, that are infinitely little; then in equal 
times the circles B H C, and DIE, and F LG 
will run out. But the circle BH C is to the circle 
DIE, as BH ꝗ to DIq. Theſe circles are as 
the celerities of the running fluid, which celeritics 


are as NH to y Al, therefore by involution 
it will be BH qq to DIq q as AH to Al. 
§. 634. What we have hitherto explained geo- 
metrically will not ſtrictly obtain phyſically. For 
the particles of the fluid, which pals through a hole, 
ſuffer ſome attrition from the ſides of the hole, 
and are therefore retarded : But thofe that belong 
to the middle of the hole will not be ſubje& to 
this retardation, and therefore the fluid runs out 
with unequal celerity. That which being 1n the 
middle moves faſteſt, adheres by the attracting 
force to the lateral parts, which while it accelerates 
it is itſelf retarded: ſo that the fluid runs out of 
the veſſel in leſs quantity than we have hitherto 
determined. Beſides the fluid that goes out is al- 


* Hiſt. Acad. Reg. Kent. Lib. 1. C. 4. 
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ſo carried by a certain oblique determination, by 
the lateral preſſure of the parts adjacent; and ſince 
this muſt obtain on every ſide of the deſcending 
column, this at ſome diſtance from the hole be- 
comes narrower, or it's diameter 1s contracted. 
Experience informed the great Newton , that in 
a plain plate this diameter was to that of the hole, 
as 5 to ©, or 57 to 6+ very nearly: and that the 
true quantity of water that runs out is to be eſti- 
mated from this contracted diameter, and the 
length of the column of the fluid, reckoned from 
the ſuperficies to this contraction. The learned 
Polenus made many ſuch trials, by applying dif- 
© ferent tubes, conical, cylindrical, thin plain plates, 
tothe ſame veſſel which was always filled with water; 
the eyes of all which were on one ſide equal, through 
which a different quantity of the fluid flowed in 
the ſame time. For through a conical tube 92 
nes long, the wider baſe being next the veſlel, 
it's diameter being 42 lines, the anterior eye hav- 
ing adiameter of 26 lines, a certain veſſel was filled 
in 2 minutes and 57 ſeconds. Through a conical 
tube the diameter of whoſe baſe was 33 lines, the 
eye 26 lines, the veſſel was filled in the ſame time. 
Through a conical tube the diameter of whoſe 
| baſe was 60 lines, the eye 26 lines, the vel- 
ſel was filled in 3 minutes. Through a conical 
tube whoſe apertures were 118 and 26 lines, the 
| veſſel was filled in 3 minutes and 4 ſeconds. 
Through a cylinder of the ſame length, whoſe eye 
at each end was 26 lines, the veſſel was filled in 3 
minutes and 7 ſeconds. Through an iron plate 
| bored with a hole of 26 lines, the veſſel was filled 
in 4 minutes and 36 ſeconds. Therefore becauſe 
| the greateſt quantity of water flowed in the ſame 
* Princ. Philoſ. L. 2. $. 36. p. 304. 
> De Caſtellis Aquar, . . 
ä tim: 
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time through conical tubes of a determinate figure, 
It 18 evident, that the celerity of the running fluid 
is increaſed by the lateral preſſure of the parts 
More of this kind may be ſeen in Newton, Polen, 
OCulielminus, and $£Graveſand. 

F. 635. And here the foundations of the whole 
ſcience of Hydraulicks are laid open. For whether 
the fluids flow through eyes of a determinate 
magnitude, or through equal pipes, other circum. 
ſtances being the ſame, all things will be alike 
and therefore may be eaſily derived from the fore. 
going doctrine. But when a fluid paſſes through 
a long pipe, it undergoes a continual attrition from 
the ſides, by which it is retarded ; and ſo much 
the more or leſs, according to the various rough. 
neſs or ſmoothneſs of the pipe. And alſo, where. 
as pipes have uſually many windings and bend- 
ings, the particles of the fluid muſt ſuffer a great 
reſiſtance by ſtriking againit the ſides, muſt reffec 
and retard the fluid that follows; for which res 
ſons a much leſs quantity of fluid will run through 
the pipes than the computations would require, 
But here let us conſult the maſters of the ſcience 


The learned Dr. Deſaguliers has obſerved , that 


through a pipe 1000 Eugliſb elns long, there flow 
ed a leſs quantity of water by ++, than according 
to the rules of Mariott's calculation. Couplet has 


made good obſervations on the aqueducts of /r- IF . 


ſailles. The aqueduct is of iron, of the diameter 


of 4 inches, and the length 1800 feet, here and 


there it has ſome flexures, open at each end. 
When the water in the ciſtern at one end of ti 
pipe was 9 inches higher than at the other end, 2! 
a certain time there run through it 2 inches and 


63 lines; when according to Marioti's experiment 


* Phil. Tranſ. N. 303. 
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with a ſhort tube only 614+ inches muſt have run 
through. Therefore 30 times leſs water flowed 
through this very long pipe. There is another 
iron aqueduct of the diameter of 6 inches, and of 
the ſame length as the former; then the water in 
the ciſtern being 3 inches higher, in a certain time 
at the other eye of the pipe there flowed 7 inches 
and 44 lines: whereas from Mariott's calculation 
there ought to have flowed 80 inches. And when 
the water in the ciſtern was 5+ inches higher, in a 
certain time there flowed out of the other eye of 
the pipe 101 inches; but according to Mariott 
there ſhould have flowed 407 inches. Therefore 
in this caſe there was a greater retardation than in 
the foregoing ; for ſuppoſing the water in the ciſ- 
tern at a greater height, it will have a greater ve- 
locity in flowing, and thence a greater attrition, 
and a more impetuous aſſault againſt the inflexions 
of the ſides, and therefore a greater retardation of 
the running fluid. There is an aquedu 7014. 
feet long, of the diameter of 5 inches. When the 
water in the ciſtern was 25 inches higher than the 
other extremity of the pipe, within a certain time 
there lowed 9 inches 115 lines; and according to 
Mariott's calculation there ought to have flowed 
160 inches. Nay, experience teaches us, if air 
gets into the curvatures of pipes, it ſo far retards 


the water, that 19 times leſs water flows through 


it than ought to do. Couples informs us, that 
through a leaden pipe 11400 feet long, of the 


diameter of 8 inches, becauſe of the crookedneſs 
and the air being here and there in the pipe, the 
uater took 10 days time to run through it. There- 


fore experienced artificers put vents or receptacles 


at all the curvatures of the pipes, which are de- 


* L'Hift. de I Acad. Roy. An. 1732. 
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Fgned for receiving the air. Hence it can be ng 
wonder, that air admitted into the veins of ani. 
mals kills like the moſt deadly poiſon ; ſince it op- 
poſes the blood as the ſtrongeſt obſtacle, while it 
performs 1t's circulation. 
$. 636. If a fluid moves through a conical pipe 
SABX, from the vertex A B to the baſe S X, 
being impreſſed by a cauſe that always acts equz- 
bly ; it will move very ſwiftly towards the vertex, 
but very ſlowly towards the baſe. For in equal 
times the ſame quantity of the fluid fills equal ſeg- 
ments A BCD, ECF D, GE F H, IGHK, 
ee altitudes A L LM, MO, OP, are un- 
equal. | 
5 637. Such a fluid hardly acts againſt the ſides 
of the pipe, unleſs as it dilates by a lateral motion, 
The caule that fills this pipe through the vertex 
may be very ſmall, becauſe it is required to be 
only of ſuch force, as may raiſe a column of the 
fluid, having the baſe AB and the perpendicular 
height of the veſſel, If therefore the aperture AB 
is very ſmall, the leaſt force will be ſufficient to 
fill it. Hence it appears, how a very ſmall force 
may protrude the blood through the veins of an 
animal. For the blood flows through the veins 


in conical veſſels, from the vertex towards the 
As alſo, how a very little external force 


baſe. 
may ealily puſh forwards medicines, and other ex- 


ternal applications, through the abſorbent vellcls 


into the inward parts of the body. 
S. 638. But if in that fluid there ſhould be found 
any heterogeneous botly R, that being driven ſtrat 


upwards with the fluid, cannot act upon the fides 
of the veſſels, unleſs where it meets with a curva- 


ture; it appears thence, that medicines can hardly 
act againit the ſides of the veins. The body R 


is moved in a ſection ACBD, which is very nea 
ny = 


Mr. Clare.} 
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to the vertex of the veſſel, by a ſwifter motion 


upwards than the fluid in the next ſegment ; ſo 
that the fluid can act upon it, but it will be retard- 
ed. This retardation continually increaſes in the 
other ſuperior ſections ; whence at laſt the body R 
will move with a flow motion along with the fluid 
itſelf, Hence medicaments may operate upon the 
fluid of the veins, eſpecially if they are very ſolid 
and heavy. And hence chalybeates ſo much con- 
tribute as deobſtruents to the liver and womb. 

$. 639. But if a fluid in a conical canal flows 
from the baſe towards the vertex, being impelled 
by an equable cauſe, it will flow towards the ver- 
tex with a motion continually accelerated; ſince 
equal quantities of fluids paſs through equal ſegments 
of a cone, which are of an unequal height. A ver 
great cauſe is required to impel this fluid, which 
may be able to move a column of the fluid, of 


the ſame height and baſe as the cone. 


$. 640. Thus 1n an animal body the blood flows 
through the arteries, to which the heart is a very 
ſtrong impelling cauſe. But almoſt the whole fluid 
ruſhes againſt the ſides of the canal, and operates 
upon them by extending them. Wherefore if an 


heterogeneous body R is contained in the fluid, 
this together with the fluid will ruſh againſt the 


coats. Hence it appears that mecicaments may 
operate upon the ſides of the arteries, which medi- 


caments, the more ſolid they are than the blood, 


ſo much the ſtronger they will act upon the arte- 
ries, by driving them outwards, extending, ſti- 
mulating, tearing, and wounding them, according 


to their various figures and diſpoſitions. 


He that would enter farther into the knowledge 
of hydraulicks ſhould conſult Merſennus, Helſham, 
Robinſon, Bernouilli, [Mr. Cites, Dr. Juris, and 


'J- C HAP. 
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CHAP. XXII. 
Of Fountains. 


§. 641. HE aperture of the pipe through, 
| which the fluid ſtreams forth, is 
called it's eye. 
$. 642. The fluid projected through the eye of 
the pipe, is called a jet. 
$. 643. Becauſe a fluid runs through the bot- 
tom of a perforated veſſel with the ſame celerity, 
which a heavy body acquires by falling the ſame 
altitude as the fluid has in the veſſel; and a body 
falling any ſpace, acquires ſuch a celerity as would 
make it aſcend the ſame altitude again; by. 242. 
therefore a fluid runs out at the bottom of a per- 
forated veſſel with ſuch a celerity, by which it can 
mount to the ſame height again, if it's direction be 


turned upwards. 


§. 644. This may be done, if the pipe that 
conveys the fluid be bent upwards at it's lower 
part, ſo that the eye may look upwards ; for then 


the fluid will be forced upward by the fluid that 


follows it. 

$. 645. If the eye has the ſame amplitude as 
the pipe, the jet will not ariſe to the altitude af 
ſigned in §. 643, but to a much leſs height; be- 
cauſe the fluid by it's attraction adheres to the 
ſides of the pipe, and ſo cannot deſcend freely. And 


- beſides it ſuffers a great attrition in it's deſcent, by 


which it is hindered from deſcending with that ce- 

lerity declared in $. 643. 
$. 646. But the ſame pipe continuing, if the 
eye is contracted, the fluid will be forced to a 
greater height than that in F. 645. For then the 
fluid in the pipe is not obliged to deſcend ſo 1 
3 Py 
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ly, and therefore is ſubje& to much leſs attrition 
from the ſides of the pipe. | 

$. 647. But notwithſtanding the eye is much 
leſs than the bore of the pipe, yet the perpendi- 
cular jet will not ariſe to the ſame altitude as the 
ſuperticies of the fluid; but to much leſs, and that 
for theſe ſeveral reaſons following. 

Firit, becauſe as the fluid is ſqueezed through 
the eye, the particles that are neareſt it's ſides will 
ſuffer an attrition, and therefore will be retarded. 
Thoſe that paſs near the middle of the eye will not 
indeed meet with this hindrance ; but becauſe they 
will adhere ſomething to the Jateral particles, 


| by forcing them on, and ſo by communicating 


their velocity to them, they themſelves will be 
retarded. | 
Secondly, the fluid in it's courſe through the 


| whole pipe is ſubject to attrition, and therefore 


does not deſcend with that celerity, by which it 


might aſcend to the fame altitude with it's ſuper- 
| ficies in the veſlel. 


Thirdly, after the water thus ſpouted out has 


| aroſe as high as it can, where loſing all it's velo- 
| city it falls down again upon the aſcending water, 
it incumbs then upon the whole ſtream, and by 
it's gravity preſſes it downwards, and hinders the 
| aſcending particles, ſo that they cannot be driven 
to the required altitude. Theſe things mult hap- 
| pen, even though the fluid ſhould ſpout up ix va- 


duo; but if it aſcends through the air, it will find 


| a reſiſtance, and thence a retardation from the air, 
| Which it muſt lift up and penetrate. And this 
| reſiſtance will be ſo much the greater, as the jet 
| alcends with greater velocity; ſo that in a very 
ſwift aſcent the fluid is ſcattered by the air into 
very ſmall drops like dew. The reſiſtance of 
the air againſt the jet is conſiderable, becaule the 
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jet riſing beyond the contracted diameter, is ne 
ceſſarily ſpread into a conical form, whoſe baſe is 
the utmolt height of the jet. 

§. 648. This third impediment may be remoy- 

ed, or at leaſt diminiſhed, by cauung the jet to 
rite not perpendicularly upwards, but a little ob- 
lique to the horizon. For then the fluid in it's 
zeturn will not fall upon itſelf; and experience 
taught Torricelli *, that the jet will then be higher 
than when it is perpendicular. 

$. 049. Mr. Mariott is excellent in this doctrine 
of fountains and water-works, who, being inſtructed 
by great experience, has given the beſt rules a- 
bout conſtructing tubes, their amplitudes and eyes, 
ſo that from any given fountain the highelt jet 
may be thrown. From him we ſhall take notice 
of a few things. 

Firſt, the larger the pipe 1s that conveys the 
fluid, in refpect of the eye, ſo much the higher 
the jet will be. For then the fluid deſcending 
with leſs cclerity, is ſubject to leſs attrition ; and 
ſuppoſing equal velocities, the attrition will be re- 
ciprocally as the diameter of the pipe. Id 
here there muſt be ſome limits beyond which the 
amplitude of the tube will contribute nothing to 
the increaſe of the jet, ſince there is no ſenſible 
difference of the velocities with which the fuids 
deſcend, and therefore the attrition makes no Cit- 
ference. The ciſtern was 26 feet and 1 inch higt- 
er than the eye, the diameter of which was 6 lines, 
and the jet aroſe to the height of 24 feet and 2 or 
3 inches. But when the eye was enlarged, ſo that 
the diameter extended to 10 lines, the height ol the 
Jet was only 23 feet and 9 inches. In the former 
caſe the pipe was larger in reſpect of the eye, thai 
in the latter inſtance. 

Lib. 2. de Mot, Proj. p. 192. 
Secondly, 
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- Secondly, it is required that the apertures of 
the mouths may be every where of the fame am- 
plitude as the pipe; ſo that this in it's whole length 
may be every where of the ſame capacity. 

Thirdly, the wider the eyes are, ſo much the 
higher is the jet. A ſlender jet is eaſily ſcattered 
by the air into drops, chieſly if it aſcends with 
great velocity. A large jet from a wide eye is more 
ſolid, more eaſily pierces the air, nor is broken by 
it into drops. Therefore unleſs the eyes are large, 
very high jets cannot be ſpouted. Large jets are 
ſubject to leſs attrition from the eye than ſmall 
ones. For the ſolidities of jets are as the ſquares 
of their diameters, whereas the attritions are on- 
ly as the diameters themſelves. And yet the 
amplitude of the eyes ſeems to admit of ſome 
limitations. 

Eyes made in a plain plate of metal, which is 
very thin, and lying directly on the tube, make 
the moſt regular jet, and tranſmit it with the leaſt 
attrition. But if conical or cylindrical tubes are 
put upon the pipes, the jets will not be ſo high; 
becauſe of the greater attrition of their long ſides, 
as well becauſe the jets are too much enlarged, as 
that the particles in them will be urged by a very 
diſorderly motion. Vet when the jets are not very 
high, it is of little moment whether the eye is in 
a plate, or in the pipe itſelf. 


CH AP. XXIV. 


Of folid Bodies immerſed in a Fluid, and of the ſpeci- 
fc Gravity of Bodies. 


§. 650, HAT this doctrine may be clear- 
| ly apprehended, we muſt call to 
mind what has been ſaid in $. 40. concerning the 
1 denſity 
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denſity of bodies, which is the quantity of matter 
under the body's extenſion. So that that body 
will be ſaid to be twice or thrice as denſe again as 
another, which under an equal extenſion compre- 
hends twice or thrice as much matter. 

8 651. Some alſo denote the extenſion of a 
body by the name of it's volume, or magnitude. 

$. 652. The gravity of a body compared with 
that of another body of equal volume, 1s called it's 
ſpecifick gravity. 

$. 653. Becauſe whatever is corporeal in the 
volume of a body, and which conſtitutes it's den- 
ſity, is heavy; the denſity and ſpecifick gravity 
will be in the ſame proportion. Therefore a body 
which is as denſe again as another, will alſo have 
it's ſpecifick gravity as great again. 

$. 654. It two bodies ſhall have the ſame ſpeci- 
fick gravity, their weights will be as their volumes. 

$. 655. It two bodies A and B are different 
both in denſity and volume, the quantity of mat- 
ter in A will be to that in B, in a ratio compound- 
ed of the denſity in A to that in B, and of the 
volume of A to the volume of B. 

Let there be three bodies A, B, C, whoſe Git- 
terent quantities of matter may be called Q, q, r; 
but let the volumes of the bodies A and C be equal, 
and called V, and let the volume of B be v. Let 
the denſity of the body A be D, and the equal 
denſities of Band C be d. Then the quantity of 
matter in A will be to that in C, as the denſity in 
A to the denſity in C, becauſe their volumes are 
equal; or it will be Q.q::D.d. Allo the 
quantity of matter in C will be to that in B, as the 
volume of C to the volume of B, becauſe their 
denſities are the ſame; that is q. T:: V. v. The 
antecedent and conſequent terms in each propor- 
tion being multiplied together, we ſhall have the 

products 
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products Qq.qr:: DV. dv; and the firſt terms 


being divided by the common quantity q, the 


proportion will not be changed, but it will be 


iind. 
$. 656. Here if we multiply the extreme and 
mean terms into one another, we ſhall have Qdv 


r DV, and converting this into a proportion, it 
will be d. D:: Vr. v»Q. Or the denſities of ho- 


dies will be in a ratio compounded of the direct 
ratio of the quantities of matter, and the inverſe 


ratio of the volumes. | 
$. 657. Becauſe it is d. D::Vr.vQ, let 


the latter ratio be divided by the quantity Vu, 
V 
ee 1 5: wee er 24. ee thing bs. 


VyYy -y VV 


the denſities of bodies are as the quantities of mat- 


ter divided by their volumes. 

$. 658. Or ordering the ſame proportion other- 
wie, it will be v. V:: D. Qd. Or the volumes 
will be in a ratio compounded of the direct ratio 


of the quantity of matter, and reciprocal one of 
their denſities. SE 


$. 659. Becauſe the weights of bodies are as 


their quantities of matter, their weights may be 


lubſtituted for theſe quantities, which are deſigu- 


ed by the letters Q and r. Therefore if the weights 
are called P and p, it will be P. p:: DV. dv; 
that is, the weights of unequal bodies are in a 


compound ratio of their volumes and denhitics. 
F. 660, If therefore the weights are equal, it 
will be DV=dv. Theſe converted into a pro- 


portion, it will be D. d:: v. V, or the denutics 
are reciprocally as the volumes. 
F. 661. But becauſe it is as the denſities, fo are 


their ſpecifick gravities; by §. 653. Therctore, 


 luppoling two bodies to be equal in weight, their 


ſpecifick 
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ſpecifick gravities will be in a reciprocal ratio of 
their volumes. | 

$ 662. Becauſe by F. 659. it is Pdv = pDV, 
it will be v.V::pD.dP; and dividing this 
laſt ratio by the quantity d D, it will be v. V:: 


D AF 
15 3 9 . S; or the volumes of bodies will 


be as their weights divided by their denſities, or 
ſpecifick gravities. 

$. 663. This rule is of great uſe, becauſe know. 
ing the weight of any irregular body, and it's ſpe- 
cifick gravity, it's magnitude may be preſently 


known, being equal to 15 Suppoſe we had cer. 


tain fragments of red corals, of the weight of 7 
ounces. Let the table be inſpected annexed to 
this chapter, containing the ſpeciſick gravitics of 
many bodies, and there will be found the number 
2,089 adjoining to corals. Now the table 1; 
ſo conſtructed, that water being put at 1000, it 
may be taken for 1000 ounces, which make the 
weight of a cubick foot of water. So that all the 
numbers of the table may denote the ounces of a 
cubick foot of each body. The kind of weight i 
that called Averdupoiſe. In our example let the 


weight 7 ounces be divided by the ſpecific gravi- | 


ty, or 2,689, and ſo we ſhall have the magnitude 
of the corals under a cubick foot. But this foot 
contains 1728 cubick inches; therefore if thele 
are multiplied by 7, and the product divided by 
2,689, it will give 44343 cubick inches for the 
magnitude of the corals. Theſe general things 
are premiſed, for the fuller underſtanding of what 
is to come afterwards. 


8. 664. Let us therefore conſider hard bodies, 
which may be immerſed in a fluid. Theſe are « 


ther 
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ther of the ſame ſpecifick gravity as the fluid, or 


of a greater or a leſs. In which order we will ex- 
amine theſe three caſes. | 


F. 665, If the hard body A is of the ſame ſpe- 


| cifick gravity as the fluid in which it is immerſed, 


it will neither ſink to the bottom, nor ſtand u 
above the fluid, but as being like to the fluid, it 


will remain at reſt wherever it is put under the 
furface. 


Conceive the fluid in the veſſel BCD E to be Tab. 10. 
divided into columns, equal to that in which is Fig. 16. 


the body A; the part ZA will be as heavy as the 
neighbouring part BF, AQ as heavy as FK, QX 
as heavy as KC, and the ſame thing will obtain in 
all the columns. Wherefore the whole column 
Z X, being of the ſame weight as BC, as much 
endeavours to ſink as it is raiſed by BC. There- 
fore ſince neither yields to the other, it will nei- 


ther deſcend nor aſcend. And becaule all the equal 


parts in either of the columns are equally heavy, 
as much as A Q tends downwards, ſo much it is 
raiſed by FK; and ſince that equilibrium obtains 
every where, no part will aſcend or deſcend, and 
therefore not the body, A, but will remain at reſt. 

$. 666. From this law of hydroitaticks it tollows 
demonſtratively, that there is a vacuum in nature, 
and that there is no ſuch thing as an ther, as is 
feigned by ſome. For that univerſal fluid ſur- 
rounding all things, would alſo fill all the pores 
of ſolid bodies, And whereas all matter is equal- 


y heavy, as by F. 214 and 215. whatever is 


hard and ſolid would be of the fame ſpecifick gra- 


vity as this fluid; and therefore would neither 


aſcend or deſcend in it, but would be at reſt where- 
loever it were placed: But this is contrary to the 


phenomena, that are always obſerved in heavy 


bodies, 
§. 667. 
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$. 667. Therefore the body A in this fluid will 
be in equilibrio, and may be moved upwards, down. 
wards, or ſideways, and according to any direction, 


by any cauſe capable of ſeparating the parts of the 


fluid. Hence we may underſtand why a wooden 


veſſel ſunk in water, and full of water, may be 


raiſed to the ſurface by a very ſmall force. 

$. 668. If the body A is ſuſpended on a ba- 
lance, before it be immerſed in a fluid, and reduced 
to equilibrium after it has ſunk under the ſuperh- 
cies of the fluid, it will feem to have loſt it's whole 
weight. For as much as A gravitates downwards 
in the fluid, ſo much it is raiſed upwards by the 
fluid F K, ſo that the effect of the deſcent is hin- 
dred, nor does A depreſs the balance. Nevertheleſs 
A retains it's weight, by which it endeavours to 
fink downwards, as 1s proved by the contrary en- 
deavour of F K, and by the increaſed weight of 
the veſſel BCDE. 

$. 669. If the body A ſhall cleave to the bot- 
tom of the veſſel X, and be ſo cloſely applied to 
it, that no part of the fluid penetrates between A 
and X, the body A cannot be raiſed, but by a 

ower that can overcome the weight of A, toge- 

ther with that of the whole incumbent column 
Z X. 

For in this caſe the body A in no wiſe differs 


from the bottom of the veſſel, on which the whole 


column Z& 1s incumbent, according to F. 593. 

$. 670. Whatever has been demonſtrated of a 
ſolid body A, will alſo obtain, if A be a fluid of 
the ſame ſpecifick gravity as the other fluid in 
which it floats; as may be obſerved of drops of 
oil mingled in wine. 

$. 671. If the body A ſhall be of a greater ſpe- 
cifick gravity than the fluid in which it is immerſed, 


it will ſubſide in the fluid, *till it comes to the 


bottom of the veſſel. For 
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Tor ſince the fluid Z A, QX, makes an equilibrium 
with the fluid BF, K C, of the neighbouring co- 
lumn, the fluid of this gravitates leſs downwards 
than the heavier body A Q. This therefore pre- 
vailing will ſubſide, and will raiſe the fluid F K, 
And as the ſame reaſon obtains in every other place, 


which the body takes up in the column ZX, AQ 


muſt deſcend to the bottom of the veſlel. 

$. 672. The ſame thing will happen, if inſtead 
of the ſolid body A a fluid be ſuppoſed, ſo that it 
will not ſoon mingle with the lighter fluid. 

F. 673. As far as the ſolid body A under it's 
volume 1s of equal gravity with the fluid in F K, 
it is ſuſtained by it; and it will ſubſide only by the 
excels of gravity 1n it's volume, above that in FK. 
This exceſs by ſome is called relative gravity. 

yd. 674. Therefore if a ſolid body A is ſuſpend- 
ed by a thread, and 1s ſuſtained under the ſuper- 
ficies of the fluid, by a power that is either in the 
fluid or out of it; it is required that this ſhould be 
equal only to the relative gravity, the remaining 
weight of the body A being ſuſtained by the fluid. 

$. 675. Wheretore the body A ſeems to loſe fo 
much weight, as the fluid is endued with, which 
is contained under an equal volume with the body. 
This is confirmed by hanging a ſolid cylinder to 
a balance, by another whoſe cavity receives the 
former. For firſt making both to be in equilibris 
in the air, then let the ſolid cylinder be immerſed 
in the fluid. The equilibrium will be taken away, 
which will be reſtored again by filling the hollow 
cylinder with the ſame fluid. Or let the hollow 
cylinder, when full of water, hang at one arm of 
a balance, and the ſolid cylinder at the other, and 
let each weight be in eguilibrio; then let the ſolid 
cylinder be immerſed in water, and the equili- 
brium will be deſtroyed ; but it will be reſtored 

again 
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again when all the water is poured out of the hol. 
low cylinder. 

$. 676. Therefore the heavier the fluid is, in 
which the body is immerſed, ſo much the greater 
part of it's weight it will ſeem to have loſt ; and 
the lighter the fluid is, ſo much heavier the body 
A will ſeem to remain. 

$. 677. Wherefore by the aſſiſtance of the body 
A, when immerſed in different fluids, the ſpeci- 
fick gravity of the fluids may be found in an ele- 
gant manner; for this is always as the weight of 
the body A that is loſt in the fluids. Experience 
gives teſtimony to this method, which we have 
made uſe of in determining the ſpecifick gravities 
of the fluids which we exhibit in the following table. 

A ball of ſolid glaſs may be taken, of any fi- 
gure, as G; this is to be hung by a horſe-hair, 
and by the balance is reduced to equilibrium in the 
air, by means of the weight E ; then being im- 
merſed in a fluid, part of it's weight will be loſt; 
then another weight is put into the ſcale F, fo 
that the equilibrium may be reſtored, Let the 
weight in F be remarked, for making trial in va- 
rious fluids, that will be their ſpecifick gravity, 
If the body G be a cube, it may be known by this 
method, how great is the weight of every fluid 
under the volume of the cube, and therefore the 
weight of the fluid may be known under any given 
volume. 

$. 678. And now alſo the ſpecifick gravity of 
all firm bodies may be found. Let the body A 
be firſt weighed in the open air, and afterwards in 
water ; then the ſpecifick gravity of the body 1s 
to that of water, as the weight of the body in ait 
to the weight loſt: Let this be as 10 to 1. Let 
another body B have it's weight in air, which 15 


to that which is loſt in water, as 3 to 1; then tne 


1 peciuck 


NATURAL PHILOSOPHY. 


| ſpecifick gravity of the body A will be to that of 


B, as 10 to 3. Or it may be obtained in this man- 
ner. Let the weight of the body in the air be 
divided by the weight which the body loſes in 


| water, and there will ariſe the ſpecifick gravity of 
the body. For let the ſpecifick gravity of water 


be put equal to 1; and Jet the loſs of weight 


| which the body ſuffers in water be called Q, and 


let P be the weight of the body in air; it will be 
Q:: 1. A For the gravity of water, of the 


ſame volume with the body, is to the weight of 


the body, as the ſpecifick gravity of water is to the 
ſpecifick gravity of the body. Let us take a jump 
of pewter of the weight of 300 grains; in water 
ſuppoſe it to loſe the weight of 40,5 grains. There- 
fore divide the weight 300 by the quantity 40,5, 
and the quotient will be 7,4. which is the ſpecifick 
gravity of the pewter. 

F. 679. It two ſolid bodies of the ſame volume, 
but of different denſity, be immerſed in the ſame 
fluid, their loſt weight will be the ſame. For let 


all of them be equal to the body A, and therefore Tab. 10; 
they will loſe ſo much of their weight, as the fluid Fig. 10. 


FK gravitates. This we prove by wires of metal 
of equal volumes, but of very different denſities, 
From hence it follows, that howſocver the denſi- 
ties of unequal bodies may differ from one another, 


il they are immerſed in the ſame fluid, their loſt 
weights will be in the ratio of their volumes. 


$. 680, Now if the veſſel BCD E, nearly full 


of a fluid, be ſuſpended in a balance, and reduced 


to equilibrium, and the body A hang by a thread 


under the ſuperficies of the fluid; then ſo much 


weight will ſeem to be added to the veſſel, as the 


fluid gravitates under the volume of the body A. 
And that becauſe the body A gravitates ſo much 


3 downwards, 
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downwards, as it is raiſed by an equal quantity of 
the fluid FK; fo that it performs the ſame thing, 
as if lo much of the fluid were poured into the 
veſſel. But the relative gravity of the body i; 
ſuſtained by the thread on which it hangs. 

$. 081. If two bodies are of equal weight in 
air, but of different ſpecifick gravity, theſe being 
ſunk in the ſame fluid ſuffer a loſs of weight which 
w1ll be as their ſpecifick gravities inverſely. 

For a body lofes ſo much of it's weight in a 
fluid, as the fluid would ponderate if under the 
ſame volume. But the volumes of bodies that are 
equally heavy, and of different ſpecifick gravity, 
are to one another in the ratio of their ſpecifick 
gravity inverſely, and therefore the loſs of their 
weights will be in the ſame proportion. Let two 
maſſes be taken, one of lead, and the other of 
pewter, of the weight of 200 grains; their ſpe- 
cifick gravities are as the numbers 112 and 74. 
Lead weighed under water loſes 35,5 grains. Pey- 
ter under water loſes 54 grains: But it is 35,5. 
54 :: 74.112. That is, the loſs of weight is in 
a reciprocal ratio of the ſpecifick gravities of bodies 

$. 682. If a ſolid body A, ſpecifically heavier 
than the fluid into which it is immerſed, does not 
find the incumbent fluid to preſs upon it; it may 
be ſo far ſunk in the fluid as to deſcend no lower; 
and if it ſhall be ſunk lower, it ſhall aſcend. Con- 
ceive the fluid ZA to be abſent; the body A will 
be at reſt and in equilibrium, if the columns AQ 
and Q are of the ſame weight as the nezghbour- 
ing column B C; for then the body A is as much 
preſſed upwards by the fluid BK, as this gravitates 
downwards. 

§. 683. If A be ſunk deeper, ſo that the co- 
lumn AQ and QX is lighter than the neighbour- 
ing column BC, BC will deſcend, and will raiſe 


up 
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up XA, and therefore the body A will aſcend. 


We can ſhew this by means of a metalline ſolid 
fitted into a hollow cylinder, to which a tube is 
annexed, that hinders the upper fluid from in- 
cumbing upon the ſolid, 3h 

And hence it may be. underſtood, why ſhips 
may be conſtructed of heavier metals, as allo how 
very heavy ſolids may be ſo diſpoſed, as to ſwim 
in a fluid. As allo how floating iſlands may be 
conſtructed. of boyant matter, ſo as to ſwim in 
lakes; ſuch as are ſaid to have been in Lydia *, at 
Cutiliæ, in the Lacus Vadimonis, and Lacus Stationen- 


fis, the bogs and lakes of Ireland, &c. 
9. 684. If the ſolid body A is ſpecifically light- Tab. 10. 
er than the fluid into which it is immerſed, it will Fig. 18. 


ſo far ſubſide, that is by the quantity A K, till 
the volume of the fluid, equal to the part immerſ- 
ed, has the ſame gravity as the whole body A. 
Let the fluid be divided into columns, the baſes 
of which are equal to that of the body A. Theſe 


columns will not be at reſt till they are duly poiſed 


with one another. Therefore the column X A B 


| will be equally heavy with it's neighbouring co- 


lumn EB; but the equal parts ZB, K B of each 
are equally heavy. Wherefore the part EZO, of 
equal volume with the fluid, being drove out of 
it's place by the body A, will be of the ſame weight 
as the body A. 

$. 685. If more weight therefore be added to 
the ſame body A, it will ſink deeper in the ſame 
fluid, and it's parts immerſed will be always as the 


weights of the body. 


F. 686. Becaulc the fluid E Z or AK is of the 


| ſame weight as the body A; the ſpecifick gravi- 


ty of the fluid will be to that of the body A, as 


Seneca, L. 3. C. 25. Q. N. 


Vor. I. U the 
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the whole magnitude of the body A. is to it's im- 
merſed part A K. 

$. 687. The fame body A, if put into Hui 
of dine denſity, will ſubſide 3 in them to differ. 
ent depths. And theſe will be ſo much the great. 
er as the fluid is bghter, and ſo much the leſs as the 
Auid is heavier. 
For the expelled fluid AK will be always equal 
ly heavy with the body, and therefore the body 
A remaining the fame, the volume AOK will be 
10 much the leſs, as the fluid 1s denſer. 

$. 688. On this foundation depends the vulgar 
hydrometer, which is made of glaſs or metal, and 


| deſtined to various uſes. : For that being put into 


ale, will fink only to A, but in water, which is 
lighter, will fink as far as a; ina generous wine 
it Tubfides to b, in ſpirit of wine to e. Therefor: 


by. it's means the different ſpecifick gravity of 


fluids may be known. This method may ſuffice 
for common practice, but it 1s far from: being ſo 
exact as that mentioned in &. 677. 

F. 689. It the body A is a 4 or priſm 
funk into various fluids, and the altitudes: are ob 


ſerved to which A ſubſides in them; the ſpecifick 


gravities of the fluids will be in the inverſe rati 
of the altitudes to which A ſubſides. 


For let A deſcend in water by the quantity AK 


or EZ; in wine by the quantity AS; the column 


of water EZ will be of the fame weight as the 
column of wine AS; ſo that the ſpecifick gravity 


Of water will be to that of wine, as AS to EZ. 


$. 690. If the body A ſhall be ſunk in a flud 


to any Jah: yet ſo as that it may be ſurrounded 


on all ſides by the fluid, it will aſcend upwards i 
an accelerated motion, becauſe the neighbouring 


column of the fluid deſcends by an Iccelerated 
motion, and by it's deſcent raiſes the body 4. 
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Theretore A will emerge with ſome violence above 
the ſurface of the fluid, but will not reſt in the 
ſpeed "till it has ſettled at the height aſſigned 
in F. 084. 

$. 691. But ifthe body A ſhall be ſunk in a 
heavier fluid, the force required to retain it there, 
either by depreſſing or drawing it downwards, is 
equal to the exceſs of gravity which the fluid is 
endued with, under the ſame volume with the 
body A. 

$. 692. Wherefore the ſame body A, immerſ- 
ed in different fluids, will aſcend, or endeavour to 
aſcend by different forces, which are ſo much the 


greater as the fluid is heavier; or ſo much the 


leſſer as the fluid is ſpecifically lighter. 


$. 693. If there are two ſolids A and B of the 
ſame weight, but of different denſity, which are 


immerſed in the ſame fluid ſpecifically heavier than 


themſelves; their immerſed parts will be equal. 

For bodies of the ſame weight will be in equz- 
librio with the ſame quantity of the fluid. 

$. 694. If there are two ſolids A and B of the 
ſame volume, which are put in the ſame fluid 
ſpecifically heavier, they will have their ſpeci- 
fick gravities in the ſame ratio as the immerſed 
parts. 

The ſpecifical gravity of A is to that of the flu- 
id, as the immerſed part of A to the volume of 


A. The ſpeciſick gravity of B is to that of the 


fluid, as the immerſed part of B to the volume of 


B. But the volume of A is equal to that of B, 
and therefore the ſpecitick gravity of A is to that 
of B, as the immerſed part of A to the immerſed 
part of B. 


$. 695. Let a veſſel be filled with a fluid of two 


ſorts, into which let a ſolid body be injected, which 
I ſpecifically heavier than the upper fluid, but 


2 lighter 
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lighter than the lower fluid ; then that body will 
ſink under the lighter fluid, and ſubſide into the 
heavier fluid ſo far, till the depth to which it ſub- 
ſides in the inferior fluid is to the whole magni— 
tude of the body, as the difference between the 
ſpecifick gravity of the ſolid body and the upper 
fluid, is to the difference of the ſpecifick gravities 
of each fluid. 

Let that part of the folid body which enters 
the heavier fluid be called A, and the other part 
contained in the lighter fluid be called B. Let the 
ſpecifick gravity of the heavier fluid be called a, 
and that of the lighter fluid b. Then by S. 659. the 
weight of the fluid for the part B will be as the 
volume B multiplied into it's ſpecifick gravity, 
or Bb. And thus the weight of the fluid for the 
part A will be as A a. Now let the ſpecifick gra- 
vity of the body be called c; it's weight will be 
BS Ac, and therefore it muſt be Aa + Bb = 
Ac+Bc; hence Aa—Ac=Bc—Bb, and 
therefore A.B::c—b.a—c, and A. A + 
B::c—b.a—b. 

Bodies that float upon water will ſubſide in air, 
and enter the water only to a certain depth ; but 
they will ſink deeper if they were placed in va- 
cuo. Therefore this rule is almoſt always to be 
obſerved. 


$. 696. If a body ſwims upon a fluid, the cen- 
ter of gravity of the immerſed part will lie pei- 


pendiculariy under the center of gravity of the 
part that 1s extant, otherwiſe the body cannot be 
at reſt. For if the body is conceived as divided 
into two parts by the ſuperficies of the fluid, and 
all things are at reſt, the direction of the center of 
gravity in the upper part ought to paſs through 
the center of gravity of the lower part; otherwiſe 


the upper part would not be ſuſtained, and _ 
'ore 
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fore the body would roll. But it is ſuppoſed to 
reſt, and therefore both the centers of gravity 
muſt lie in the ſame perpendicular. 

$. 697. Philoſophers have inquired after dif- 
ferent methods of finding the ſpecifick gravities 
of bodies. We have given the beſt way deduced 
from fluids, in §. 677. which may be ſufficient. 
Yet we ſhall mention ſome ways that have been 
contrived by others. 

There was taken a tube with two legs CDEB ; 
let the leg B D be parallel to the horizon, into 
which two fluids are infuſed A B F, and E DF, 
which being in equilibrium are at reſt. The ſpe- 
cifick gravity of the fluid ABF is to that in ED, 
as the altitude E D is to A B, by F. 660; but in 
practice this method will be of no uſe. For firſt, 
there are many fluids which will immediately mix 
with one another. Or ſecondly, will excite an 
efferveſcence with each other. And laitly, be- 
cauſe of the attraction of the fluid by the ſides of 
the tube, the true altitudes in A and E cannot ea- 
ſily be obſerved. 

$. 698. Others have only taken a veſſel of a 
determinate capacity, anda known weight, which 
they have filled with a fluid, and then weighed it 
in a balance. And repeating this with fluids of all 


kinds, they have thus thought to determine their 


ſpecifick gravity. This indeed is a very ſimple 


method, but of no ſigniſicancy, fince it cannot be 


accurately effected that the vellel ſhall be com- 


| pletely full, becauſe of that concave or gibbous 


figure, which the ſurface of the fluid will affect. 
The ingenious Homberg endeavoured to find a re- 


| medy for this, by taking a phial A, with a wide Tab. 19 
neck C, and a narrower tube, D, in which the Fig. 21. 
true altitude of the fluid might be obſerved. But 
the different attraction of the glaſs exerted upon 
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different fluids was the hindrance, that the true 
altitude of the fluid in C could not be obſerved, 
by the help of the little tube D. 
$ 699. Others have applied the bicrural tube 
to the pneumatick engine, as to it's upper part D, 
and have filled two little veſſels A and B with dif- 
ferent fluids, into which the legs of the tube were 
ut. When the internal air was ſomething ex- 
hauſted, the fluid in the veſſel A aſcended to the 
altitude AC, in the veſſel B to BE; being preſ- 
ſed by the ſame weight of the external incumbent 
atmoſphere. Wherefore the ſpecifick gravity of 
the fluid A will be to that of B, as E B to AC, 


This would be a pretty method enough, if the 


tubes did not exerciſe a different attracting force 
upon the fluids, and again, if the true altitude 
could be obſerved. But the ſurfaces of the fluids 
at C and E are more or leſs concave, nay ſome- 
times convex, as in quickſilver. Wherefore this 
method alſo muſt be rejected. 
$. 700. The denſities and ſpecifick gravities of 
ſolids are immediately diſcovered, by reducing 
them to equal volumes, and then weighing them 
in a balance. For by F. 662. their ſpecifick gra- 
vities will be as their weights. 
$. 701. But if they cannot be reduced to equal 
volumes, as is the caſe of ſalts, ſands, and other 
owders ; firit let them be weighed in air in a 
veſſel, and then knowing the weight which the 
veſſel loſes in a fluid, let them be immerſed in wa- 
ter, oil of turpentine, or very ſubtile ſpirit of 
wine, or any other fluid that will not diſſolve the 
powders, and let the weight loſt be examined. 
This will be equal to the weight of that fluid, 


under the ſame volume as the powders, by $. 675. 


And therefore the ſpecifick gravity of the pow- 


ders will be to that of the fluid, as the hr 
0 


_—_— 


WRA um os Yb ome aka. aikK ig. zQ@Dcocoac. ia rs EE I IRIERT 


bu Bu rr nA ,;, 744 2 — hs hs 


NATURAL PHILOSOPHY. 


of the powders in air is to that which is loſt in the 


fluid. 
If therefore the gravity of the fluid is known 
in a given volume, by F. 677. the ſpecifick gravi- 


ty of the powders may be known in reſpect of 


other ſolids. 
$. 702. But if a hody is to be examined which 


is lighter than the fluid, it cannot be ſunk under 


the fluid. and there fore it muſt be joined to ano- 


ter body which is ſpecifically heavier than tlie 


fluid, ſo that both may ſink together. Now we 
may know how much the heavier body alone would 
weigh in the air, and how much it would loſe of 
it's weight in the fluid. Then how much the 
lighter body would weigh, and how much, when 
joined with the heavier; it loſes of it's weight in 
the fluid. The weights loſt will be equal to the 
weight of the fluid under the volumes of the bo- 
dies. Let the loſt weight of the heavier body be 
ſubtracted from the loſt weight of the bodies con- 
Joined, aud the weight of the fluid under the mag- 
nitude of the lighter body will be had. Ayd this 
weight is to the weight of the lighter body in air, 
as the ſpecifick gravity of the fluid to the ſpecthck 
gravity of the lighter body. 

y. 703. The uſe of this doctrine is very great, 
in diſtinguiſhing pure metals from thoſe that are 
impure or adultcrated ; in knowing pure gems 
trom ſpurious; and in any other bodies whatever, 
as well ſolid as fluid. For let the weight of a 
golden ducat be 60 grains in air, and when weigh- 
ed in water let it loſe the weight of 2,285 grains. 
Therefore the ſpecifick gravity of the coin is to 
that of water, as 60 to 3,285. In the following 
table the ſpecifick gravity of water is put equal to 
1000. Therefore I make 3,285. 1000: : 60. 
18,261, I ſee in the table that the ſpecifick gra- 

U 4 vity 
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vity of gold is expreſſed by this number; whence 
I conclude, that the moncy is genuine gold. 

Let there be a ſtone, which has the appearance 
of a flint, Inthe table the ſpecifick gravity of a flint 
is to that of water, as 2500 to 1000. But let the 
ſpecifick gravity of the ſtone be to that of wa- 
ter, as 4500 to 1000. Therefore the ſtone is not 
pure but has ſome metalline mixture in it. 


— —_ 


A 


P 


Shewing the ſpecifick Gravities of cer- 


tain natural Bodies. 


H E fineſt gold 
A golden guinea 


— 138,888 


is 


A louis d'or — 18,166 
A golden ducat — 18,261 
Quickſilver of Germany — 14,000 

of Britain I 2,592 


once diſtilled by Boerhaave 13,570 

— united with the fineſt gold, and Fe 
diſtilled 100 times 13399 

—— united with the fineſt my : 

13,550 


and diſtilled 100 times 
united with lead, converted . 13750 
to powder, then revived 35 
diſtilled 311 times 
ſublimate corroſ. 
dulcis twice ſublimated 12,353 
thrice ſublimated ——— 9,882 


— — four times ſublimated 8,235 
Turbith 


14,110 


ll 


— 3, 000 


Turbith mineral 
Native cinnabar 
1 factitious 
Lead of Britain 
—— of Germany 
Calx of lead 
Ceruſs of lead 
Burnt lead 
| Litharge of gold 
of ſilver 
Saccharum ſaturni 
Pine ſilver 
The beſt Holland ſilver 
ol leſs value 
Copper of Japan 
ee of Sweden 
calcined 
Viride æris 
Auricalcum in fuſion 
hammered 


Tuty 
| Steel ſoft 
very hard 
\ | very elaſtick 
alt of ſteel 
Iron 
Ens martis once ſublimated, 
—— — thrice ſublimated, 
Crocus metallorum 
| Pewter fine 
— Britiſh 
Antimony crude 
of Hungary 
Antimonii regulus martialis, 
. veneris 
— cinnabaris 
xvitrum 


ww Wh Te ww | 


23745 


11,091 


10,535 
10,340 


9,000 
8,784 
54453 
1,714. 
8,000 
8,349 
4,015 
7,738 
1704 


7-509 
1,030 


7,645 


15453 
1,269 
4,500 
74320 
75471 


45, 000 


4,700 
75500 
75500 
6,044 
5,280 


Biſmuth, 
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Biſmuth 
Marcaſite 
Diamond 
Granate of Bohemia 


Granati minera 
Sardachutes 
Selenites 
Onyx 
Turquoiſe 
Agate Bruiſh 
Lapis grammatias 


Carneolus 

Corallackates 
Hyacinth 

Jaſper 
Pellucid flint 
Vulgar flint 
Italian marble black 


. Alabaſter 
Lapis manati of Jamaica 


Hæmatites 
Manganeſia 
Oſteocolla 


Cos Lotharing 
Slate blue 
— ri 
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i ——— 


of Sweden 


— — 
— ——— ſ— 


nephriticus 
lazuli 
Amianthus 


— — ͥͤꝓ —ͤ ͤ 
i2—VUV—  — 
— — — — 


white 
other 


other 


— — 
— 
—ůä — — 

— ——— — — 
— — 


—— — — 


— — 


—— — 
IS 
— ſ — 


— — — 


— — — — — 


— — 


ruffus Bremenſis 


calaminaris 


cæruleus Namurcenſis 


Judaicus 
a 


— — ͤöä—b— — 


9,709 
450g 
35400 
4,360 
34978 
3100 
3,598 
2,322 
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Y Gally-pot 
500 Jenetian talc 
100 —— of Jamaica 
60 W Bole armenick 
7 Terra lemnia 
00 Pit-coal 

0% Oyſter-ſhell 
22 W Muricis concha 
10 Lapis bezoar occidentalis 
0 odrientalis 
12KHuman calculus in the bladder 
or 
„ Cryſtal Iſlandick 
of the rock 
1; Glaſs very clear 

9 ——— vulgar green 
for veſſels 

31 FF Sulphur vivum 

60 Þ ——— common 


41 Vitriol Britifþ — "EN 

42 „** nom 3 
01 —— white ws" "es bs 
07 red — SINK IR 
19 Cal vitrioli — — — 
72 gemmæ — — 
70 Nitre 33 aa 
30 — fixed 5 

60 Sal prunellæ — 


00 polychreſtum 
00 Alum 


Borax 
Cremor tartart 
Tartar crude 
—— vitriolate 
A emetick 
dal ammoniacum pure 
volatile of harts-horn 


— — 


1,928 
2,780 


3,000 


23727 
2,000 
1,240 
2,092 
2,590 


1,500 


1,530 
I,700 
1,664 
2,720 
2,050 
3,150 
2,020 
2,066 
2,000 
I, 800 
1,580 


I,715 


1,900 


1,900 
1, 900 
2,143 
I, 900 


23745 
2,148 


2,148 


I,7I4 
1,720 


1,900 
1,849 
2,298 
2,246 
1,453 
1,496 

Sal 
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Sal mirabile Glauber — 
Guajaci — — AER 
enixum — 8 
Harts-horn — 
Ivory — — 
Horn of a rhinoceros — api A 
of an ox — 3 
Bones of a ſheep freſh —  — — 
— of an ox dry —— 2 
Crabs- eyes, true — 
ſpurious — m—_— 
Coral red ET A 
white — ieee 
Wood, fir — ee ee 
maple — — 
aloe „„ 
Braſile, red — — 
box e ee 
Campechy 8 3 
cedar 3 
Coco-ſhell 5 — 
Ebony 5 
Beech e 


Aſh in the branch 
in the trunk 
Guajacum 
Bark of guajacum 
Juniper 
Maſtick 
Nephritick 
Plumbtree 
Oak in the ſtock | 
| in the green branch 
Rhodium 
Santalum white 


2,246 
2,14) 
2,14) 
1,575 


1,02; 
15242 


1, 840 


2,222 | 


1,040 
2,40 
2,609 
2,500 
©,550 
C7 3 
1,5177 


1,021 


1,031 
0,913 


0,613 


1,340 
1517/7 
0,054 


0,738 


0,045 


1,333 
1,250 


0,556 
0,849 
1,200 
0,603 
0,929 
O, 870 
1,125 
1,041 


O, 80g 


1,128 


Saſſafraſs 


Yew 


Lignum vitæ 


of gentian 


Camphor 


Myrrh 


Reſin of guajacum 


Water, rain 


— ſea 
Aqua fortis 
Air 


Vinegar of beer 


Tincture of gum ammoniac 
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S1flafras 
Cork 


—— — 1 — — — 


Elm 


Variegatum virgineæ 


|| 


Root of China 


Peruvian bark 


Gall 
Amber 


Black agate 


| 


nl 


—ůů— ww — 

———ů—ů— —U— — 

— 
— — 


Yellow wax + 
Gum Arabick —— 
Gum tragacanth 


++ 


— — 


Opium 
Pitch 


of ſcammonßy — 
Tranſparent amber — 
Frankincenſe 
Iſing- glaſs 


— diſtilled 


Vell 


—— river 


fl 


— regla 


— — 


—— of wine 


— z= dtſtilled 


Antimony, butter 


— — — — 


0, 482 
0,240 
0,760 
0,600 


1,313 


1,327 


1,071 
0,800 
0,784 
1,034 
1,040 
1,238 
0,996 
0,955 
1,375 
1,333 
1,250 
1,303 
1,150 
1,224. 
1,200 
1,005 
1,071 
15111 
1,000 
0,993 
1,030 
0,999 
1,009 
1, 300 
1,234 


O0,001% 


1,034 


1,011 
1,020 


O, 899 
2,470 


Antimony 
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Antimony tincture 


Balſam of Tolu 


Tincture of Peruvian bark 


Milk of cows 


of goats 


Oil of amber 


of anniſe 


of oranges 


. of caruus 
mn—— Of Cloves 


of wax 


— — 


— 


of cinnamon 


VU 0 cummin 


—— of fennil 


—— of hyſſop — 
— of juniper 


of mint 


of linſeed 


of nutmeg 


of olives 


of origanum 


of parſley 


——— of rape 


of roſemary 


of ſaſſafras 


of ſavin 


of ſpike 
of tanſey 


of vitriol 


Human blood 


Serum of blood — 


Spirit of amber 


—— harts- horn 


honey 


- 


———— of turpentine 
of tartar per deliquium 


— — — — 


common nitre 


— — 
„% 
— —-—-— 
—— — 


— — — — 
— — — 


—— — 1 wow 


| 


Spirit 


O, 80 | 
5 
0,90% —⅛ 
1,07 — 
1,0% — 
0,9% — 
05% ů 
O, — 
0,0% — 
1,00 — 
0,8 , — 
1,0% — 
0,997 Re- 
O, %, Bu- 
0,911 Ce 
0, 
0, % % \ 
0,94) we! 
„1 j in 
0,940 are 
0,979 the 
0,833 die 
0, % ent 
1, 00% of 
0,50 of 
o, % Il 
0,401 
0,792 | 
1,550 

1,700 

1,040 

1,190 

1,031 

1,073 
0,995 

1,315 


* 
3 

* 

5 
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Spirit of hermetick nitre — 1, 6 10 
„ nitre wich oil of vitriol — 1,338 


% ———— nitri dulcis 1,000 
0 — — nitri bezgardicus.. ——— - 1,315 
nll —— ferici—— — 1,145 
191! | 2 ſea-ſalt | —— — 15,130 
000 —_— ſalis dulcis — — | 0,951 
d —— falt with oil of vitriol —— 1,154 
9% ſalis ammoniaci cum calce — 04,952 
031 * turpentine — — ©, 8 74 
5 eartagy, 2 - 1,073 
o ——— wine aun ©. obs. BOS 
97 vitriol + ——. — 15203 
99] Red wine of P ontagues , —AC—. — 95993 
906 Burgundy wine. 135 — 0,953 
QI Canary |: y—_—— 0 - em. O35 
9 


F. 704. The ſpecifick gravities of bodies, as 
944 Fell ſolid as fluid, are different from one another 
9g in ſummer and winter. For in ſummer all things 
9% are rarified by the heat of the ſun, and in winter 
hey are condenſed by the cold. Neither are all bo- 
dies changed in an equal degree, but very differ- 
9% ently. This has been proved by the experiments 
09; I of the learned Homberg and E:ſenſchmidt , the table 
960 of which laſt I ſhall here add, in which is exhibited 
dhe weight of a cubical inch of Paris, there in uſe. 
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In 1 In winter 
— 3 Pen 
Mercury — 7 4 66 2 10 
Oil of vitriol x — 0 7 39% 7 u 
Spirit of vitriol —— 0 5 330 5 3 
Spirit of nitre —— 0 6 240 6 4 
Spirit of falt —— —— oO 5 4910 3 
Aqua fortis — 0 6 230 6 3 
Vinegar — 0 5 130 5 2 
Vinegar diſtilled - "05 % 
Spirit of wine —— 0 4 3210 4 4 
Cows milk — — q 5 2010 5 23 
River water = — 0.5 lo 5 1 
Well water — o 5 110 5 1 
989 5 


Water diſtilldi—— 0-5 8 | 


CHAP. XXV. 
Of WATER, 
the general properties of fluids, | 


think it will be of good uſe to inquire ſomething 
more nicely into the nature of three fluids, which 


F. 705. AVING taken a view of ſome of ff 


are very univerſal,” that is water, fire, and air; u 


well becauſe they are endued with noble and ad- 
mirable properties, as becauſe they are of great 
uſe to us, and to allother terreſtrial bodies: where 
fore they are very deſerving of the attention and 
ſcrutiny of an induſtrious Philoſopher. 


$. 706. Let us begin with water, and firſt lt 
us briefly enumerate it's uſes. Firſt, it affords 
drink to all animals, nor can any drink be pre- 
pared, that is neceſſary to life and health, of which 


the greatcſt part is not water. Secondly, it il 
ſolves the meat in our mouths, and is the cauſe of 


3 all 
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all taſtes perceived by animals. For dry things 


have no reliſh in a dry mouth. Thirdly, it is the 


vehicle of all animal nutriment, to all the parts of 
the body. Fourthly, it is the cauſe of life, ſince 
it affords the blood a paſſage through the veſſels, 
and dilutes it. Fifthly, it is the cauſe of vege- 


tation, and of the growth of all vegetables. Sixth- 


ly, nor could foſſiles grow in the bowels of the 
earth, unleſs water brought ſome parts to others, 
No ſtone, flint, gem could be produced, unleſs a 


petrifying juice were prepared by water mixed with 
earth, which applying to other earths, is converted 


into ſtones and flints. Seventhly, it is the vehicle of 
fiſhes. Eightly, as likewiſe of ſhips, by which we ex- 
erciſe merchandiſe with the remoteſt nations. Ninth- 
ly, it forms rain, which by it's fall puriſies the air, 
and by it's help we waſhaway all kind of filthineſs 
and impurity. Laſtly, it is the ſole cauſe of ſprings 
and rivers ; and ſo it ſerves for moving the wheels of 
mills, and for innumerable other mechanical uſes. 


$. 708. Water is diſtinguiſhed from all other 


fluids that are hitherto known, as being a maſs 
that is fluid, liquid, humid, inſipid, without ſmell, 
limpid, lucid, without colour, volatile by a ſmall 
heat, not burning in the fire, but on the contrary 


extinguiſhing it. 
F. 709. The ſpecies of waters may be reduced 


© to fix. Firſt, that which falls from the ſky in the 


form of rain, ſnow, or hail. Secondly, ſpring- 
water. Thirdly, river-water. Fourthiy, well-wa- 


ter. Fifthly, lake-water. Laſtly, ſca-water 


F. 710. Rain, ſnow, and hail were firſt water, 


which was exhaled from the ſuperſicics of the earth 
in the form of vapour, and compoſed clouds; 
from whence it fell again upon the earth. How 
this is done I ſhall explain in the chapter concern- 
ing meteors. 


Vol. I. * I Rain, 
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Rain, ſnow, and hail, and airy vapours, being 
received by the earth, flow into the loweſt places, 
where they are abſorbed by the earth, and pene. 
trate into 1t at ſeveral depths, according to it's 
various circumſtances. Seneca, who was a dil- 
gent planter of vineyards, affirms, that no rain is 
ſo copious, as to moiſten the earth beyond ten feet 
deep. Theſe waters ſink to the deepeſt places, 
and if they can burſt forth again, they conſtitute 
ſprings, which throw out their waters either high- 


er or lower, according to the different altitude of 


the ſource which collects the waters. 

Rain flowing along the earth's ſurface, towards 
lower and hollow places, as alſo ſprings bubbling 
out of the ground, conſtitute rivers. Therefore the 
water of theſe is either rain, or ſpring-water, or 
both. If we dig into the earth in proper pla- 
ces, to a greater or leſſer depth, ſometimes to 
that of 200 or 300 feet, we ſhall come to a bed of 
ſand, which ſucks up water like a ſponge, and at- 
fords plentiful veins of it. This is well-water, 
flowing through the interſtices of the ſand, to a 
well, from all places about it. That which ſtag- 
nates in large lakes, and therefore is compoſed of 
rain, ſprings, and rivers, 1s pond-water. Sea-water 
is that which is ſalt and bitter, and conſtitutes the 
ocean. 

§. 711. Natural water ſeldom or never can be 
had pure, but is corrupted by the ſubtile particles 
of almoſt all terreſtrial bodies. For as rain falls 
through the air, it waſhes it, and carries with it the 
ſeeds of all the moſt tender plants, animalcula 
ſwimming in the air, volatile aerial ſalts, ſubtile 
earths, and many other things which are uſed to 
float in the air. Fountain-water, as it takes it's 


origin from rain, is not purer than it; and beſides 


* L. 3. C. 7. Queſt. Nat. 
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is blended with ſuch ſoluble parts as it finds in the 
earth it runs through, whether they are earths, 
ſalts, vitriols, metals, ſulphurs, ſoaps, or bodies 
of any other kind. Hence water is known by 
the name of ſulphureous, chalybeate, aluminous. 
This is proved by the acidulous ſprings, which 
are found in many places ; for they generally con- 
tain the vitriol of iron, and theretore their waters 

ow black with a ſolution of galls. This often 
ſinks to the bottom in the form of ocre, and flies 
off from others. Sometimes the air putrifies theſe 
waters, and precipitates the vitriol ; for which 
reaſon they ſhould be kept from air, if they are to 
be long preſerved. In ſpaw-waters are found chalk, 
ocre, braſs, ſulphur, vitriol, nitre, lead, ceruſs. 
In the bath-waters of England were found by Guide, 
who examined the quantity of a barrel, 5 ounces 
and 3 drachms of ſtone, two ounces and a drachm 
and a half of blue and ſulphureous earth, and 3 
ounces of ſalt, as well ſea-ſalt as of nitre. In the 
waters of Pyrmont there 1s much bitter ſalt, iron, 
and gravelly earth. Hence according to it's vari- 
ous ingredients water produces different effects: 
that which abounds with ſpirit intoxicates, as if it 
had been wine; as is ſaid ot a fountain near St. Bal- 
domar, in the province of Liounois in France; of 
another in Guienne, not far from Beſſa; of a foun- 
tain in the kingdom of Toledo near Valentiola in 
Spain; of the river Jynceſtius; and of feveral 
others. If ſulphur and bitumen are mixed with 
water, or cryſtals of braſs, it becomes bitter; as 
1s the water on the ſhore of Coromandel, and of the 
Exampeus in Pontus, a provinceof Aſa Miner If ſub- 
tile earths are mingled with it, which penetrate into 
the pores of other bodies thrown into this water, 


und ſuffered to remain long in it, thoſe bodies are 


* Yaren. Georg. S. vi. C. 17. F. 6. 
X 2 changed 
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changed into ſtones ; which alſo is brought to paſz 
by many fountains, as the Muabus. Vitruvius, 
Strabo ®, and Pliny ©, have taken notice of others; 
and there is ſuch an one in Iceland. Alſo near 
Schwalbach, as Haerirung obſerves, in the country 
about Nurenberg ©. In Hamilton's foreſt in Scotland, 
and in Bucbhanſbire, as Sibbald relates. And ſome- 
times a terreſtrial matter, with which the water 
is impregnated, covers bodies all over with a cruſt, 
The ſprings near Newſobt! in the copper mine 
Herren grund in Germany, changes iron into copper, 
by corroding it, and leaving copper in the place 
of the corroded iron. 

$. 712. There are fountains whoſe waters, when 
drank of, dye hair and wool of a different co- 
lour; which are mentioned by Seneca *, Pliny", 
and Jitruvius. Other fountains are infected witli 
à poiſonous quality, from a mixture of arſenic, 
antimonial, or other earths; as about Nomacri: 
in Arcadia is a fountain called Styx by the inhabi- 
tants, which deceives ſtrangers, becauſe it can- 
not be ſuſpected either from it's appearance or 
imel). Such are the poiſons of the more exquilite 
artiſts, which are not diſcoverable but by the death 
of the adventurer. There is alſo a noxious water in 
Theſſaly about Tempe, as alſo the fountain of Neptunt 
in Terracina in 1taly; and in Sicily the water of 
Palicumis, &c. In Guatimala, a province of 4 
merica, there is a village called Sacapula, througl 


which a river runs, the water of which, if drank 


* Lib. 3. Cap. 8. 

> Lib. 13. p. 629. 

Lib. 31. Cap. LE. 

4 Bayer. Oryctog. p. 9. 

1 Seotis, L. . R 1. C. 9. 

f Brown, Mem. p. 186. Pail, Tranſ. N. 450. 
Seneca, L. 3. C. 25. 

e. 

' Yatruv, L. 8. C. . 


cold, 
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cold, cauſes a ſcrophulous diſtemper to take por 
ing 


ſefion of the chin quite to the breaſt .. Somet 
of the ſame nature is obſerved of ſome of the in- 
habitants of the Ap. Some waters when drank 


make men's teeth looſe and fall out, as that of the 


village of Senlifjer *, which carries with it much of 
a fixed alkaline ſalt. Yitruvins © has obſerved the 
ſame thing of a fountain of the city of S in Per- 
ſa, and Pliny © of ſome fountains of Germany; and 


| Dauſquius © and Fabricius have deſcribed ſeveral 


kinds of fountains. But it is not the water, as wa- 
ter, that produces theſe effects, but their ſeveral in- 
gredients. Well-water that flows through ſmall 
flints, or a bed of fine ſand, 1s very pure ; but 


otherwiſe it is infected with the ſame terreſtrial 


parts as ſpring- water. Lake-water and river- water 
is impure, as carrying with it mud, all kind of 


filth, plants, fiſhes, and whatever elſe the wind, 


the air, men, or animals caſt into it. Sea water 


contains not only ſalt, but bitumens, and all kinds 


of filthineſs, becauſe the rivers diſcharge them- 
ſelves into it. Now it appears from hence, that 
the water is not ſalt only; becauſe by caſting ſalt 
into rain-water, you can never convert it into ſea- 
water. It's particular bitterneſs ariſes from the 
bitumen that flows out of ſubmarine ſprings, as al- 
ſo from the oils of plants, animals, and the nitrous 
ſalts. If to vinegar you add ſome drops of a ſpi- 
rit diſtilled from lithanthrax, there ariſes a taſte 
like that of ſea-water. Sea-falt-that is made near 
the mouth of the Rhone for three years palt could 


* Gage, Itiner. L. 2. C. 10, 

* L'Hift. de I Acad. Roy. An. 1712. 
. 

Lib. 25. Ch. 3. 

* De Terra et Aqua, Chap. 13. 
Theologie de Eau. 
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not be uſed becauſe ot it's bitterneſs, becauſe th 


bitumen is gone off. If meal is kneaded with fes 
water, the day following it will be ſo bitter as na 


to be eaten. The ſalt that is in the ſea-water at th 
depth of ſix inches from the ſurface, 1s of a differ 


ent temper from that which is taken at great 


depths. For if the firſt ſalt be laid upon blue py 
per, it makes it red like nitre, which does ng 
happen from the deeper falr. 

Some learned men have thought, that the bit 
ter ſea-ſalt is volatile, is diſperſed through th 
whole atmoſphere, and is the mother of natun 
vitriol, alum, nitre, ammoniack. This bitumq 
ſeems to be the cauſe, why ſea-water ſhines in th 
dark, when daſhed againſt hard bodies. 


$. 713. Water is purified from heterogeneon 


heaped upon one another, it loſes it's bittern{ 
and unſavoury taſte, and becomes mere wate: 


Hence it is that wells, dug upon a ſandy ſea-ſhor, | 


afford ſweet water, Such a kind of percolation 


alſo performed very conveniently by means of c 
tain porous ſtones. Yet ſea-water cannot be eaſi 


freed from it's ſalt and bitterneſs. Dr. Liſter ha 


informed us“, that water may be purified, by | 
kind of percolation, by means of the alga or ee 
weed, that ſuddenly perſpires the water. Deſſaniſ 
made funnels of virgin's wax, which being fill 


with ſea-water, it came out ſweet, Leutman pe 
colated water through ſoaking paper, which a 


* Phil. Tranſ. N. 156. 


mixtures, firſt, by percolation. For as it paſk f 
through very fine ſand, gathered into deep veſſ 


[+ I 
wards he ſuffered to putrify, and whatever fas 
were in it are made volatile, nay fly off, and tit 
terreſtrial parts remain behind. Then he perch 
lated the water again, which he affirms to be pur 


tha 
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. chan when diſtilled, becauſe the ſalts and earths 
are now taken away *. This method is alſo recom- 


£ mended by Jobn Gadeſten, An. 1516, as Dr. Hales 


relates. 
Secondly, water is made purer by conglaciation; 
| for whatever is ſpirituous does not freeze. The 


ſlt is ſeparated from the water, and therefore ice 


| formed from fea-water, when melted again, yields 
| ſweet water; as we are told by Bartholine, Boyle, 
and Reyter. In like manner whatever is mixed 


with water, and is heterogeneous to it, is ſeparated 
from it by conglaciation; as is proved by wines, 


| which paſs into phlegm and ſpirit, beer into water 
and a more generous beer. 

Thirdly, but chiefly water is purged from it's 
* impurities when it is reſolved into Vapours 3 whe- 


ther the ſun raiſes them on high by it's heat, or 
whether the fame thing is done in artificial receiv- 


ers, by fire made alſo by art. Therefore rain is 
thus pure, though it be formed out of the water of 


the ocean, of lakes and rivers, and exhalations from 


the ſeveral bodies upon the ſurface of the earth. 
For pure water 1s eaſily raiſed into vapours by a 
flight heat of the ſun, whereas the ſalts and other 


! groſs bodies are raiſed with more difficulty. The 


* Egyptians being ſenſible of this, drew their water 
by night out of the Vile, before the fun had ex- 
| haled the ſubtiler parts ©. If ſailors by night ſpread 
| fleeces of wool on the ſides of the ſhip, when they 
are in the midſt of the ocean, in the morning they 
may ſqueeze freih water out of them“. But by 


artificial diſtillation, eſpecially when repeated, the 


pureſt water of all may be procures, the groſſer 


* Comment, Petropol. 

> Philoſ. Exper. p. 10. 
Plutarch. L. 8. Qu. 5. Symp. 
* Verulam, in Sylv. Sylv. 


X 4 dr-gs 


311 


312 


The ELEMENTS of | 
dregs ſtaying behind in the veſſel. It is ſtill more 


perfect, it before it were pure rain water, or ſnow 
gathered from a clean and deep place, and but lit. 


tle defiled by the air. Yet all water by artificial 


diſtillations acquires an empyreumatick taſte and 


ſmell, partly from the fire, and partly from the 
mixture of other bodies. Mankind have taken ng 
ſmall pains to make ſalt water freſh, and for thi 
end have ſuffered it to putrify. Now while it 5 
putrifying, if it be diſtilled to half, it ſtinks moſt 
offenfively when diſtilled ; the next day the te. 
maining part is ſweet and clear, all the filth being 
funk. But if the putrefaction of the ſea- water be 
complete, the water becomes ſweet and limpid of it 
own accord, and then it may be diſtilled, but not 
all of it, becauſe the ſpirit of the ſea- ſalt remain 
near the bottom, which would alſo aſcend. This di- 


ſtilled water ſmells ſtrong of an urinous empyreuma, | 


freſh, pretty pure, and does not precipitate ſilver 
diſſolved in ſpirit of nitre, But it is brown, and 


has a ſediment like weil-water. The {mel] goes 


off in time, and it ſerves very well to boil peaſe. 
The putrefaction of ſca- water is promoted by ad- 
ding iling-glats to it; but without a previous 
puttefaction, we can never make ſea water ſweet, 
pure, and hole ſom, by diſtillation alone. For 
it always remains bitteriſb, unleſs to that which is 
firſt diſtilled be added ſome lixivium of the ſalt of 
tartar, and it be diſtilled again. Others have add- 
ed ſalt of tartar, lime, bones, and calcined oftra 
coderraata, and have diſtilled it again, though 
not with ſo good ſucceſs as by the foregoing me- 
thod. 

Fourthly, c/arijication by means of ſome gluti- 
nous mixture, as the white of an egg, milk, iſing- 
glaſs, and other like things, makes water puter, 
by making the gluten imbibe the impurities. But 

| ſea-water 
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a- water, although firſt diſtilled, cannot be clear- 


ed from it's nauſeous bitter taſte by this method, 
though it may ſweeten it ſomething. 
Fifthly, others have had recourſe to 7recipita- 


tion, hoping to expel the ſalts and other filthineſs 


out of water by the mixture of other bodies with 
it. Thus crude tartar has been put into ſca- water, 


in order to abſorb the ſea-ſalt into itſelf. Others 


have poured in oil of tartar, which precipitates 
the ſea-ſalts along with itſelf ; then they diſtill the 
water and ſtrain it“. The Indians perform the ſame 


thing by means of ſeeds b. Others for the ſame 


purpoſe put in zinc, lapis calaminaris, ſaturnine 


ſalts ©, corals, crabs- eyes. Glauber imagined *, that 
the lapis ſpecularis would anſwer this purpole, when 
reduced to powder, Others have added acid ſpi- 


rits; but with the help of all theſe things they 


could never remove the ſalt and bitterneſs from 


ſea· water, nor make it fit for man's uſe. The in- 
duſtrious Dr. Hales has gone far beyond all others 
in trials of this kind. 


9. 714. The pureſt water is known, firſt if it 
de very clear and tranſparent, without any colour, 


taſte, or ſmell. Secondly, if when a ſolution of 
ſilver in ſpirit of nitre is put to it, the water con- 
tinues as limpid as before; otherwiſe it will be 
turbid and bluiſh. Thirdly, if it does not look 


like milk by the affuſion of oil of tartar per deli- 


quium. Fourthly, if it does not grow thick by the 
infuſion of a ſolution of the ſugar of lead. Laſtly, 


i Venetian ſoap is diſſolved equably by that water, 


without leaving any fragments behind. 


Philoſ. Tranſ. N. 67. 
© * Philoſ, Tranſ. N. 249. 
Acta Lipſ. An. 1682. 
« Hiſt, Acad. Reg. L. 1. 
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715. When butts are filled with rain- wat . 


or that of wells or rivers, to carry to fea, exper 


ence informs us, that the colour, taſte, and ima © 
of the water thus ſhut up will be changed, ſo that: 


becomes nauſeous and ſtinking, and not eafjh 
drinkable by the ſeamen, This change is may 
in it by little inſects, which floating in the wats 
ſoon become a great multitude ;z if this ftinkin 
water boils upon the fire, theſe animalcula die in 
mediately, and with the other filth ſink to th 


bottom. Some have endeavoured to preſerve v 


ter againſt inſects and putrefaction, by putting i 


ſuch bodies as kill the inſets, and yet would na 


be injurious to the health of man. The moſt. 
ligent Dr. Hales has found by experience, that i 


would be convenient to put an ounce of the oil 


ſulphur into every butt, or eight ſcruples of the al 
of vitriol. It may alſo be r to ſmoke th 
butts with the fumes of burning brimſtone, befor 


they are filled with water. 


$. 716, Pure water, whether infected by th: 


air or purged from it, at a cold ſeaſon, being ſhuÞ 
up in a veſſel of gold, ſilver, lead, or pewter, audi 
then ſqueezed in a preſs, or ſtruck with a ham 
mer, or preſſed in a pump by the ſucker, does ra 
ſeem capable of being condenſed into a leſs vo 
lume, as the Florentine Philoſophers and othen 
oved by many experiments. It is rathet 
pores of the 
metal, and to ſtand like a dew all round; bo. 
that as the cavity diminiſhes by the external 


have 
inclined to tranſude through the 


force, juſt ſo much water perſpires through, s 
may be ſeen at each ſtroke of the hammer ſtrik 


ing the ball. From hence we may conclude, that | 


the particles of water are very hard, ſo as not 
eaſily to change their figure, nor do they fil 
their own pores or interſtices between the part. 
| | ence i 


heat b. 
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Hence a flat piece of wood may be broke, by 


ſtriking it againſt the water on it's flat fide, as if 


: 
it had {truck againſt a hard body. Leaden balls 
dot from a gun againſt the water obliquely, are 


made flat as if they had ſtruck againſt ſtones; nay, 
often they break to pieces. Therefore if a veſſel 
of glaſs was completely filled with water, and it's 
mouth cloſe ſhut with a cork; if the cork, which 
ve ſuppoſe already to touch the water, was forced 
in farther, the veſſel would break. And hence we 


may learn how ſome corks are to be ſtopped 
into veſſels, if when filled with water they are to 


be tranſported to places of different degrees of 


$. 717. The parts of water attra& one another 
with a notable force; therefore a fine ſteel needle, 


that is dry and clean, may be made to ſwim up- 


on cold water, and ſinks only in hot water, or if 
it be firſt wet. A copper plate of 30 grains and 11 
inches ſquare ſwims upon water ; and this weight 


is not able to remove the parts of water from one 
' another. therefore the attracting force in ſuch a 
| breadth is greater than this weight. For this rea- 
ſon tinſel of gold, ſilver, pewter, lead, ſwim u 
on water; and as Mr. Petit has obſerved, they 
may be loaded with many little weights before 
they will ſink =. 


$. 718. The ſpecifick gravity of water in reſpect 


of that of pure gold is as 1000 to 19640. Let 
this compariſon differs in ſummer and in winter, 
| becauſe in ſummer all bodies are expanded by fire, 
and in winter they are condenſed. But the ex- 

panſions and condenſations of bodies by the ſame 
fre do not proceed alike, but have a difference, be- 


* L'Hiſt. de I Acad. Roy. An. 1705. 
> Hale's Experiments on fteel-waters, 
* L' Hiſt, de Acad. Roy. An. 1731. 
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cauſe they depend on the coherence and gravity 


of the parts. So that the ſpecifick gravity of 
water will be different . every day, as experience 


teſtifies. A cubick foot of well-water at Leiden, 


in the ſpring ſeaſon, has 63 pounds 2 ounces 1 
drachm and 4 grains of weight of Amſterdam. 
$ 719. From this comparative gravity of wa. 


ter with gold, we have concluded in $. 45. that 


the ſeveral particles of water are porous; we may 
alſo conclude the ſame from 1t's great tranſparency, 
ſince mariners can ſometimes ſee the bottom of 
the ſea, in a very clear ocean, at above 100 feet 
diſtance. And how could water be ſo much rari- 
fied by fire, unleſs it's parts were porous? For the 
rarifaction of fluids conſiſts, not only in removing 


the greater parts from one another, but allo in 


their real expanſion, which ariſes from the reced- 
ing of the particles that compoſe the parts. 
$. 720. Therefore every part of water is not 


an element, but a maſs compounded of particles, 


theſe perhaps of leſſer, which at laſt, after feveral 
progreſſions, will conſiſt of elements. Theſe con. 
nected to one another form porous parts, which 
being collected, and as being globous, will leave 
chaſms and interſtices. 

F. 721. That the particles are globous may be 
inferred by theſe arguments. Firſt, becauſe we 
know of no fluid, whoſe parts can be perccived, 
which does not conſiſt of round parts. Secondly, 
becauſe water is very mild and inoffenſive; when 
dropped into the eye, or infuſed into a wound, it 
— no pain, if it be very pure and warm. It 


has no taſte, no ſmell. If it conſiſted of angular, 
acute, and piercing bodies, this it's lenity could 
not be preſerved. "Thirdly, becauſe water is very 
fluid and lubricous. Fourthly, a vapour ariſivg 
in a camera obſcura, and paſſing through a ſwall 

My 1 beam 
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beam of the ſun, when viewed with a microſcope 


preſents nothing bur little ſpheres. Laſtly, ſince 
it's greater parts attract one another very equably, 


and form globous drops, it is probable, that it's 


rts of an inferior order alſo attract one another 


. equably, and form particles that are ſpherical alſo, 


F. 722. It's particles are very ſubtile, for they 
cannot be diſtinguiſhed by the beſt microſcopes : 


and they penetrate through the moſt minute veſſels 
of all vegetable and animal bodies, as alſo through 


the pores of metals, as by F. 716. NMiewentyit has 
gathered, from the vapour into which water is 


changed, when it burſts out of the æolipile, that 


at leaſt 1 3000 of it's particles will adhere to the 
point of the fineſt needle. But here nothing cer- 
tain can be determined; nor yet, whether all the 
parts of water are equally great, or whether they 
differ in magnitude. About this philoſophers 
diſpute in vain. Neither can any thing ſure be in- 
ferred from it's ſuſceptibility of heat, from it's quick 


| ſolution of ſoap, or from it's ready abſterſion of 
all kind of filthineſs. 


$. 723. Yet however ſubtile the particles of 


water may be, yet they will not paſs through the 

pores of glaſs; and that which filled a veſſel 150 
years ago, has been obſerved to fill it {till with 
equal quantity. 


F. 724. Water when expoſed to the fire in a 


veſſel grows hot, rarifies to a greater bulk, which 
from the neareſt point of freezing to ebullition in- 


creaſes by the + part of the whole volume, then 
begins to make a hiſſing ſound, then to expel buh- 
bles of air, and laſtly to boil up in the form of 


Waves. All this time particles are raiſed aloft, 


which conſtitute vapour. But it makes a differ- 
ent ſound, according to the ſeveral metals, or 


earth, of which the veſſel conſiſts in which it boils. 
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For that ſound proceeds from the fall of the aque- 
ous particles, which are raiſed by the fire, upon 
the tinkling bottom. But when the fire in great- 
eſt plenty enters the water, which fire can be con- 
tained in it . to a certain quantity, it flies 
away again, breaking through it and railing waves 
in it. 

$. 725. The Lord Verulam has obſerved, that 
the running water of rivers evaporates leſs than 
that of ſtagnating lakes; though even rivers raiſe 
much water into vapours. This happens, becauſe 
in lakes only thoſe particles are expoſed to the 
ſun which are on the ſurface of the water, or not 
much below it. Therefore theſe grow hotter than 
thoſe in a river, all of which are in motion; ſo 
that thoſe which now are at the ſuperficies, and 
expoſed to the heat of the ſun, will ſoon deſcend 
to the bottom, and thoſe again at the bottom 


will riſe to the ſurface, in order to deſcend again 


quickly. 

And ſecondly, though the waters of a lake and 
of a river ſhould be equally hot, yet a leſs quanti- 
ty of vapour would ariſe from a nver, becauſe the 
river-water runs upon an inclined plain. There- 
fore the heat that raiſes the water muſt overcome 
the force which is acquired in deſcending ; which 
when it has done, then it can only a& upon this 
as it does upon ſtagnating water. But it has 
loſt much of it's ſtrength, before it performs this 
effect. 

$. 726. Is water that has been boiled leſs liable 
to evaporation than before it is boiled, as Lord 
Bacon affirms ? Becauſe by boiling the moſt ſubtile 
particles have already flown away. 


§. 727. Why does water exhale leſs than ſpirit | 


of wine, but more than mercury? Does not this 
depend on the gravity of the parts, as alſo on 0 
| mutu 
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| mutual attraction of the parts, which is leſs in ſpi- 
| rituous liquids, greater in water, and greateſt of 
all in mercury? ; 
S. 728. As long as vapour is hot it is very elaſ- 
| tick, and ſomething like to air, as appears by the 
| zolipile. Vapour when confined within a veſſel 
exerts a vaſt force of expanſion, as is concluded 
| froma ſphere of glaſs, that includes a drop of wa- 
| ter, which when put on the fire burſts with a ve 
great noiſe. Yea, water boiling in Papin's dig 1 
tor, and expelling vapour, is very much preſſed 
down by this lying upon it, ſo as to penetrate in- 
to the bones of an old animal, to ſoften them pre- 
| ſently, and to diflolve almoſt all bodies. Vaſt 
machines, contrived for raiſing of water, are work- 
ed by means of this vapour. And the force of the 
vapour is ſo much the greater as it is hotter, ſo ih | 
that vapour raiſed by a vehement fire in cloſe veſ- 
ſels ſometimes produces twice or three times great- 1 
er effects than before. But why is the force of hot 
vapour ſo great, as far to exceed the exploſions of 
| gun-powder, and which can hardly be reſtrained, 
and no incloſures can reſiſt ; ſince no ſooner is the 
vapour cooled, but all it's force vaniſhes immedi- 
ately ? It obſerves this conſtant and univerſal law 
of nature; when the parts of bodies go out of the _ 
ſphere of their attraftion, and enter into the ſphere of — 
repulſion, then they repel one another with immenſe | 
| force : as is moſt manifeſt in all efferveſcencies, fer- f 
mentations, putrifactions, burnings, in which an elaſ- 
lick fluid is generated. | 
| I 729. The vapour of hot water, though it be ö 
compreſſed by the weight of the whole atmoſphere, ] 
yet 1t ſtretches itſelf ro a volume at leaſt 14000 | 
times greater. This may be gathered from a drop | 
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of water included in a ſphere of glaſs, and laid up- 
on the fire, which does not only expel all the air, 
but 
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but expands itſelf ſo much; as is ſhewn by filling 
the ſphere afterwards with quickſilver. The ſame 
is confirmed by the experiments made with Savery; 
engine, when well conſidered. For hence it ap- 
pears, that the vapour of water is ſtronger than a 15 
equal quantity of gun-powder. For according u 

Amontons and Belidore®, the beſt gun-powde, 
when ſet on fire, would extend itſelf into a volume? -- 
4000 times greater, and therefore above three ,. 
times leſs than water. Haukſbee has obſerved ©, ta |," 


ö 
this powder being inflamed takes up a greater r - 
panſion than before by 222 times; and thence tł n 
force of vapour would be 63 times more inten{: [... 
than that of gun-powder. Therefore do the pu e 
ticles of water, which are fo elaſtick, then tou 5 
one another? Or do they repel one another, lie - | 
two magnets that do not touch? Or does even = 


one, when full of fire, ſwell to fo great a bulk? I pe 

F. 730. Since the vapour of water conſiſts of th 
tremely ſubtile parts ſeparated from one another, Ian 
it eaſily enters into the pores of other bodies, eſpe 


cially of animals and vegetables. It ſo relaxes and a 
moiſtens theſe bodies, as very ſoon to diffolr | p 
them and make them rot. Hence malignant dil n f 
eaſes and putrid fevers among men and brute, * 
whenever the atmoſphere becomes moiſt and tepid 0 5 
Carcaſſes never corrupt ſooner, than in moiſt au f the 
warm air. When the Europeans firſt took politl | $ 


ſion of certain places in America, _ found tht ind, 
air to be very hot and humid, becauſe of the c heat 
halations from ſo much wood, and thence pre met 

: met 
ceeded many diſeaſes. But when the woods werf that 
burnt up, the air became drier, and more who :- 


ſom for men's conſtitutions. part 
„n de Acad. Roy: An. 1707. thro! 
> Miſce!. Berolin. T. 4. p. io. degr 
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ng FS. 731. When water is ſet upon the fire in an 
N open veſſel, and made to boil, it receives the 
TE greateſt heat that is poſſible, in ſuch a weight of 
ag? the aerial atmoſphere, and therefore whether it 
UE” boils for a long or a ſhort time, it becomes no hot- 
en ter; as Mr. Amontons has found by the help of the 
Thermometer. This obtains in an open veſſel; 


but when the weight of the atmoſphere is leſs, wa- 


ha ter boils ſooner upon the fire, and in a vacuum it 
er boils very ſoon, as Huygens has obſerved ® The 
te weight of the incumbent atmoſphere being in- 
ne creaſed, the ebullition happens later. For if wa- 
bar ter be incloſed in Pa in's ſtrong digeſter, by = 
-. putting fire under it, it may be made ſo hor, | 


as to melt pewter and lead, though they are ſuſ- = 
TE pended in the middle of the water by braſs wires. | 
Perhaps if water could be incloſed in veſſels "0 
that are ſtill ſtronger, it might be heated tothe 1 
ſame degree, to which iron is reduced in the | 
Ihe fire. But why is the bottom of the veſlel only 


ani warm, in which water boils ? Is it becauſe the fire 
one paſſes freely into the water, through the open porcs 
of the bottom? Or rather, becauſe the water im- 
oi (meciately ſnatches the fire into itſelf, from all bo- 


dies around it, and from the bottom and ſides of 1 
ae the veſſel? | 

| F. 732. Water boiling in an open veſſel by fire : 1 
under it, generally with us acquires that degree of 9 
heat only, as in the ſcale of Fabrenbeyt's Thermo- 
Pio meter is marked 212. Therefore as joon as bodies 


that are much hotter are put into it, there ariſes a {24 


hole hiſſing noiſe, with an incredible diſperſion of the 
parts. This may be obſerved alſo, when water is þ 
Ethrown into boiling oil, the heat of which is 600 | | 
Legrees by the aforeſaid ſcale. Or if a very little 
735 a | * Phil. Tranſ. N. 122. 
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quantity of it is caſt into melted lead; or when g b 


metal poured into moiſt molds meets with vapour] Tha 
or when water 1s 8 to melted copper, when 
the metal immediately flies about to the grex 
danger of the founder, and beats down and break 
to pieces all things near it. The ſame thing hay. 
pens when we pour fixed alcaline ſalt, melted u has 
the fire, into a moiſt brazen mortar. For perhap 
the particles of water, not bearing ſo great hex 
as theſe bodies then have, being too much rat. 
fied, part from one another, are broken and pro 
duce all theſe violent effects. 

$. 733. Common water contains air between 
the interſtices of it's parts. Freezing water at the 
degree 50, about ſpring in theſe regions, when 
included in Mr. Boyle's receiver, out of which th: 
air is pumped, begins to let go it's air, when th: 
mercury in the index aſcends to the altitude d 
26 Nhinland inches. Water warmer than the for-Þ e 
mer lets go it's air ſooner, and with a leſs rat. 
faction of the incumbent atmoſphere, and the 
warmer the water is, it does ſo much the ſooner, 
So that when heated to the 96th degree in van 
it is very ſoon deprived of it's air, and becauſe of 
it's impetuous egreſs out of it's lurking places, iN 


ter incloſed in the receiver, from whence the att 
is pumped, ſends out of it ſome airy bubbles; th 
happens when the air in the receiver is reduced u 
ſome degree of rarefaction, but preſently thi 
egreſs ceaſes. In order again to extricate other I 
airy bubbles out of the water, the air of the te-. 
ceiver muſt be more rarified; and this muſt be 
often and long repeated, before all the bubbles ol 
air will depart from the water. 

$. 734. When the water is freed from all it's 
air, and then ſtopped up in a phial, together with Amper 

f 1 


3 


bubble of air, it abſorbs the air into itſelf, ſo 
| that it intirely vaniſhes. Afterwards other airy 
bubbles being introduced, will be abſorbed by the 


en fame water, and ſo on *till it is ſaturated. The 
ak brit air is diſſolved very ſoon, but the following 
ap fo much the more ſlowly, the more air the water 
| nÞ bas imbibed. Now though the air thus lies hid in 
ag the water, yet it is not converted into it, but ma 

en gain be ſeparated from the water by Mr. Boyle's 


af. geceiver, and will return in the ſame quantity as 
0ſt was received into the water. And ] ſhall ſhew 
y an experiment, that this air is not generated 
cen by the water, but is the ſame that entered into it 
tie Before. For I ſhut up water for ten years in a 
hen glaſs phial, having firſt purged it of it's air, and 
tief hen it was opened in vacuo no air was ſeen to 
the @me forth. | 
e $. 735. Now becauſe in the atmoſphere are 
for · ¶ gontained various elaſtick fluids, different from 
are: Fir, yet very like it, theſe alſo will enter into the 
the ipterſtices of the watry parts. They are known 
ner tom the great degree of elaſticity with which 
acu ey are endued. I have often obſerved, that a 
e al particle of ſuch a fluid, from a ſmallneſs that was 
„ . inviſible, has increaſed into a ſphere, the 
wi. diameter of which was at leaſt an inch, when it 
an ent out of the ſuperficies of the water which was 
tho vacuo ; eſpecially when the water was a little 
d to Varm. 
ths $. 736. How does the water imbibe the air? 
ther N is probable, that the airy parts are larger than 
re. choſe of water; that they are hollow and porous, 
d are filled by the water, it's very narrow pores 
Qcepted, Therefore this maſs compounded of 
Ar and water, is incompreſſible, ſince the water is 
Wrd, and the ſolid parts of the air reſiſt by their 
mpenetrability. And ſince air has hardly any ſolid 
1 Y 2 parts, 
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arts, being mixed with water it but little increaſa 
it's volume. And therefore a great, but a deter. 
minate quantity of air, may lie hid in water. 

F. 737. If the ſpecifick gravity of water be ex: 
mined, whether it contains air or is purged from 
it, hardly any difference can be diſcovered. For 
water when replete with air occupies but very 
little more ſpace than before. Therefore air when 
concealed in water will be very different from 
it's natural ſtate ; but every particle of air wil 
not eaſily part with the watry parts it contains, 
nor will eaũly join with others in the form of a 
ſeparate fluid. In the ſame manner air adheres to 
other fluids, 

§. 738. Water diſſolves all ſalts, foſſiles, vege- 


tables, animals, each in a various quantity; as the 


great Boerhaave has accurately proved by experi 
ment *. For the air and water being warm to the 
38th degree, Ji of ſea-ſalt were diſſolved in 30 
and zij of pure water, 


Sal gemmæ i in iy and zii of water. 
Sal ammoniac Zi in Jiij and zii. 

Nitre zix in Zvi. 

Borax 36 in 5x. 

Alum Zi in zxiv. 

Epſom ſalt 3j in zi and zii. 

Green vitriol zj6 in Ziii of water. 


How the ſolution is performed I have explained 
in F. 538. Yet here we muſt obſerve, that the 
more the water is ſhaken with the ſalt, ſo much 
the more ſalt will be diflolved, and ſo much the 


ſooner. And the ſame thing obtains the hotter 


the water 1s made. 


Chem. Part 1. p. 576. 
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Some falts diſſolve ſooner than others. For al- 
caline ſalt melts very ſoon, ſal ammoniac more 


* ſlowly, and borax ſloweſt of all. When the wa- 
ter has diſſolved as much as it can of one ſalt, it 


will diſſolve another, the former ſolution not being 
diſturbed, | 
Alſo water diſſolves the oils of vegetables, which 


have been much attenuated by fermentation ; as 


ſpirit of wine, or alcohol, though not without 
concuſſion. MY 
Water diſſolves ſoaps, whether natural or arti- 
ficial, and oils by the help of theſe. 
And in fine all terreſtrial things, which have 


firſt abſorbed acid ſpirits into themſelves. 


F. 739. As the parts of water are exceeding 
ſubtile, they eaſily penetrate the pores of all ve- 


getables, and of ſeveral other bodies. When 
entered they increaſe their weight, they remove 


the parts from one another, they make them ſwell 
all round, they puff them up with great force; ſo 


that ropes which before were dry, and then made 
wet with water, will lift up a vaſt weight hung to 


them. Likewiſe wood that is moiſtned and made 
to expand itſelf, exerts great ſtrength on other bo- 
dies that would confine it. | 

$. 740. Water extinguiſhes the flames of ma- 
ny bodies that are ſet on fire, to the great uſe 
and comfort of us mortals. Whatever is in bo- 
dies that maintains fire, is oily. Hot oil has a heat 
of 600 degrees, but burning oi] has more. But 
water in the open air is capable of 212 degrees of 
heat only, and therefore it is not at all proper for 
feeding of, fire, and when it is poured upon 
burning bodies, it preſently cools them, ſnatches 


their fire from them, expels and diſperſes it, and 
trier 


by this means things on fire are extinguiſhed. 


Beſides, when fire is collected in burning bodies, 


1 2 becauſe 
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becauſe of the attrition of the parts, water inter- 
poſing between hinders the attrition, and pre- 


' vents a new collection of fire, and by this means 
. alſo bodies on fire are extinguiſned. But all burn- 


ing bodies require a free acceſs of air ; and wa- 


ter poured copiouſly upon them hinders the ac- 


ceſs of air, and thus alſo ſuffocates the fire. 
But if mere ſulphur, oil, pitch, ignis græcus, gun- 
powder, and etherial ſpirit of wine, &c. are on 
fire, water cannot inſinuate itſelf into the pores of 
theſe, and therefore is improper to extinguiſh their 
burning. 

$. 741. Some very expert Chemiſts have 
thought, that water may be converted into earth 
both by nature and art; nay, into ſo fixed an 
earth, that it may even be made red hot by fire. 
But the moſt ſagacious Boerhaave, informed by his 
own experiments, has endeavoured to ſhew, that 
water by art cannot be converted into earth, but 
will always remain fluid and the ſame. But that 
this error aroſe, becauſe powders {ſwimming in the 
air, mingled with water, and collected at the bot- 
tom of the veſſel in repeated diſtillations, have 
ſupplied an earthy matter, which was thought to 
be produced out of water. 

$ 742. In winter time in cold countries water 
is converted into ice, which is a hard body, and 
very elaſtick ; and this with various phenomena, 
according as the ice 1s formed in a longer or a 
ſhorter time. If the congelation of the water in 
a veſſel be flow 2, then all round the circumference 
of the veſſel towards the middle are emitted certain 
fine filaments, inclined with different angles to the 
ſides of the veſſel, ſeldom at right angles, or thoſe 
of 60 degrees. After theſe others ariſe, which 


Tentam. Florent. p. 166. 
deſcen: 
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deſcend every way irregularly towards the bottom, 
acquire a Jatitude by degrees, but ſcarce any 
thickneſs ; ſo that they become thin ſkins, lying 
in a very different ſituation in reſpect of the up- 
per ſuperficies. Several ſuch ſkins are joined to 
one another in various angles, are laid upon one 
another, or like partitions intercept a maſs of 
water, are changed into a notable cake of ice 
that ſwims upon the water, the upper ſurface of 
which is rough and unequa], like that of cryſtal, 
engraved with many fine ſtrokes. But in a very 
hard froſt, if the water freezes ſuddenly, firſt there 
ariſes on the ſurface a thin plate, extending from 
the ſide to the middle, in an oblique ſituation to 
the ſuperficies; and preſently in the twinckling of 
an eye like triangular 22 ariſe on all ſides the 
veſſel ſtretching towards the middle, lying in diſ- 
order, intercepting areas, with which they form 
a cruſt of ice; which being taken out of the wa- 
ter, and viewed on their inward ſide, ſeem in ſome 
manner to repreſent the caul of an ox. 

F. 743. As yet the ice appears to be only two 
or three lines thick, pellucid and homogeneous 
but afterwards the cruſt becomes thicker, the air 
and elaſtick fluids come aut of the interſtices of 
the water, form ſmall diſperſed bubbles, as big 
as the head of a little needle, and ſometimes mak- 
ing ſhort and fine canals. Then the bubbles 
are increaſed, ſeveral uniting into one; fo that a 
hard froſt continuing, ſometimes they become 
ſpheres of half or a whole inch diameter. Now 
the ice becomes opake, and is ſo much the leſs 


| tranſparent, as more and greater bubbles have 


come forth. 
F. 744. Such ice ſwims upon water, and be- 
ing weighed is found ſpecifically lighter, but it 


is ſo much the lighter as it abounds with more 
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and greater airy bubbles . Generally it's weight 
15 to that of water, as 8 to 9. 

$. 745. Ice congealed from common water i; 
expanded to a greater volume, as is eaſily con. 
cluded from it's ſpecifick gravity, $ 744. But 
the Florentine Philoſophers have proved this from 
other experiments alſo. For when they had fille! 
a hollow golden ball with water, and had cloſe 
it up, it's greateſt circle was meaſured by means 
of a wheel of metal. The water being turned in. 
to ice, the golden ball ſwelled very much, thati 
could not be traced over again by the wheel. Noy 
ice is expanded with ſo much violence, that it 
burſts veſlels of earth, glaſs, metal, ſtone, cleave 
trees, and even lifts up houſes by it's force. For 
Mr. Boyle tells us“, that ice in a tube of brals : 
inches wide raiſed 74 pounds. Huygens has ob 
ſervede, that an iron cannon being filled with 


water and ſhut up cloſe, by the force of the ice 


was burſt and clove with a great report. Ihe 
Florentine academicians ſhut up water in a very 
thick ſphere of braſs, and expoſed it to the froſt, 
making it thinner at ſeveral intervals of time, til 
it was burſt by the force by which ice expands i. 
ſelf. This force in a ſpherical inch of ice was e. 
qual to 27720 pounds ©, So that there is a natu- 
ral power in water, not to be ſubdued, in it's 
_— ſtates of very great cold and very great 
cat. 

$. 746. Ice expoſed to the air at the time 0 
freezing, ſuffers an expiration of it's parts, with 
decreaſe of weight. Thus a cube of the weight! 
4 ounces, ina ſevere froſt, became 4 grains light- 


* Tentam. Florent. p. 142. P. 1. 
> Hiſtory of cold, tit. x. 
Du Hamel Hiſt. Acad. Reg. L. 1. S. 2. C. 1. 
Tentam. Florent. p. 135. P. 1, 
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ter in the ſpace of 24 hours. A lump of ice 18 
inches high, in 5 days decreaſed in height , part 
of an inch. Mr. Perrault has found, that 4 pounds 
of ice within 18 days loſt 1 pound in weight. 
zu Therefore when froſt has continued for ſome days, 
ma great part of the ſnow vaniſhed, that had fal- 
el len upon the ground. For parts are continually 
e diſſolved by the ſun, are ſhaken off, and fly away 
ins with it's heat. 
in. S. 747. Water deprived of air, and put in a 1 
tit vacuum or in open air, freezes ſooner than com- IH 
on mon water. Yet in it's congelation the ſame ap- 
it pearances are obſerved as are mentioned in 5. 742. 
vs Being froze it exhibits ice without bubbles, ho- 
"or mogeneous, which is ſometimes more and ſome- 
mes leſs tranſparent than common ice. Alſo this 
ob- ice is ſpecifically lighter than water. It expands 
ith itſelf with great force, breaking glaſs phials, like 
ice ice from common water. 
be $. 748. If a veſſel full of water be ſet in ſnow 
ery or ice cut into pieces, with which is mingled ſome 
oft, fine grains of ſea- ſalt, ſal gemmma, fountain ſalt, 
til fal ammoniac, alum, vitriol, borax; alcohol of 
1t- vine, ſpirit of ſea-ſalt, ſpirit of nitre, aqua fortis, 
aqua regia, &c. as the ſnow or ice waſtes away, 
tu- the water will freeze in the veſſel. This proceeds 
its from the affuſion of the ſpirit of nitre to the pie- 
eat ces of ice. This is the molt intenſe degree of cold, | 
which in the ſcale of Fahrenbeyt's Thermometer is 4} 
40 degrees below the firſt mark, if the trial be ( 
ha made in a freezing time of winter. [ 
toi F. 749. Ice may be obtained by means of ſnow- 9 | 
t- water, preſeryed in a cave, although it be melt- 1 
ed; provided it have a leſs degree of heat than /1 
that of 30 degrees, if ſal ammoniack be mixed | 
| vith it: and while this is diſſolving another veſſel | 


containing water be put into the former. F. 750. 
r 
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§. 750. It is probable water is converted into 
ice, not becaufe it is void of fire, though ic 


has never much fire in it; nor becauſe it's part 
are at reſt, but becauſe ſome ſubtile bodies ou 
of the atmoſphere are mingled with it, which x 
1t were create an efferveſcence, expel the fire, 


and then fix the parts of the water by entering 


into the pores of the particles in the manner d 


nails or pegs; or are interpoſed between them 


like glue, as water itſelf is the gluten of other 


bodies. 
§. 751. That ice has parts in motion we rin. 


fer thus. Firſt, from the continual increment 
- of the airy bubbles, which cannot but perpetually 
remove the parts of ice from one another. &. 
condly from the crackling which is plainjy 
heard in lakes in froſty weather, and ariſes from 
the motion of the parts, propelled by each o. 


ther. Thirdly, from the continual exhalation 


and decreaſe of weight. Laſtly, from that vis 
lent expanſion, by which the ſtrongeſt vellek 


are cracked and broke. All theſe things do not 


depend on the air, ſince there is alſo a vehement 
expanſion in ice purged of it's air. 


$. 752. I never could be brought to believe, 
that ice was formed merely becauſe the fire ws 
eſcaped out of the water, and it's parts deprived o 
motion, and that then they began to cohere into: 
firm maſs by approaching nearer to one another, 
For if this were true, then ice would be condenle 
water, ſince all bodies both firm and fluid become 
denſer by cold. But all ice whatever is rarer than 
water, and always ſwells ſo much the more as tit 


froſt is ſharper and of longer continuance. Th 
intumeſcence of water deprived of air can on 


hence ariſe, becauſe ſome kind of body nu b 
5 | itſel 
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| itſelf into it, which by it's bulk or motion removes 


the parts from one another. This opinion I ſhall 


endeavour to confirm by ſome arguments. 


F. 753. I have often obſerved in winter, nay 


it may be obſerved almoſt every year, that Zah- 
renbeyt's Thermometer, of which 32 degrees ſhews 
the beginning of freezing, when the froſt conti- 


nues, ſuſpends the mercury at the 36th, nay 
at 41 degrees, when generally it thaws when 
it is at 33 degrees. If therefore the conge- 
lation depended only on the abſence of fire, 
there would ſurely be a thaw, and not a froſt, 
when the mercury is ſuſpended above the 32d de- 
gree. The learned Woſfius * has obſerved the fame 


in Germany, and Reaumur * in France. For water 


cold to a certain degree congeals, and another 
day when it is colder, does not congeal ; but it 


= thaws in a greater degree of cold than when it 
= froze. For in the year 1739 I ſometimes obſerved 


inow falling with rain, and that it thawed, the 


mercury ſtanding at 30 degrees. Now we may 
ſccurely rely upon mercurial Thermometers, be- 
cauſe the mercury and the tube are purged from 


all air, and the Thermometers are prepared with 


© the utmoſt art. Orillus obſerved at Naples, that 


water was turned into ice when there was a much 
leſs degree of cold than in Britain, It freezes 


therefore though the cold is not great, if the air 
be replete with congealing particles. And it thaws 
in the abſence of theſe, though the atmoſphere be 
| conſiderably colder. 


F. 754. I have ſometimes obſerved in the 
ipring-time; of March and April, nay in the year 


F 1733 in the middle of June, when a ſerene 


* Element. Aerom. F. 203. 
* L'Hift. de Acad. Roy. An. 1-30 
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and pretty hot day had gone before, that the 
night following when the eaſt or north wind 
blew, the ditches in the country were froze, and 
the graſs was covered with a hoar froſt. Theſe 
winds could not ſo ſuddenly refrigerate the water 
and vegetables, that had been warmed by the ſun 
in the day-time, but they brought ſomething 
along with them, which mingling with the water 
converted it into ice. 

F. 755. If we duly attend to the froſt we ſhall 
find it ſometimes ſo propagated in the ſame 
country, that in ſome places it is ſevere, and in 
intermediate places between the extremes it is mo- 
derate, and farther again it is ſharp. This cannot 
depend on the want of fire in the atmoſphere of 
that region, but rather on the winds, blowing over 
ſmall ſpaces, and carrying certain corpuſcles along 
with them. In the year 1734 it froze very hard 
in Holland, when in Sweden and in Norway there 
was no froſt. In the year 1737 there was a great 
froſt in Italy and Spain, when in Holland and Ger- 
ꝛnany the air was mild without froſt. In the 
year 1738 there was a violent froſt in Holland, 
a great deal of ice covering the Zuyderzee, when 
there was no ice in the Haltict Sea. Who has 
ſeen a ſharper froſt in Ilolland, Germany, Trane, 
Sweden, {Ruffia, than that at the beginning of the 
year 1740? Yet in Norway the air was mild, nor 
was any ice obſerved in the ocean that borders 
upon the coaſts of Norway. At Geneva there 
was a very moderate winter, where neither the 
lake Leman nor the neighbouring rivers were tic 
up with ice. Yet in the reſt of $:;/zerland there 
was a ſevere froſt, as Mr. Jallabert informed me 
by letters. 
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required, that ſome fluid bodies ſhould be chang- 
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$. 756. I conclude alſo from the effect, that 
other foreign 4 .— are mixed with ice. For 
when it is melted into water it is not fit for molli- 
fying the more tender kinds of food, nor for mak- 
ing coffee or tea. | 

F. 757. Water heated to the 33d degree, by 
putting to it ſpirit of nitre conceives a heat as far 


© as 41 degrees. But the ſame ſpirit put to ſhav- 


ings of ice, warmed to the 32d degree, procures 
a vaſt degree of cold. Why has this ſpirit ſo dif- 
ferent an effect upon water that hardly differs in 
heat, unleſs there be ſomething heterogeneous in 
the ice, which mixed with the ſpirit of nitre pro- 
duces ſo great an Alteration. 

F. 758. It a veſlel containing water be put into 


ſnow mingled with falt, and the whole apparatus 
be put upon the fire, as the ſalt melts and the 


ſnow grows liquid by the heat, the water will 


freeze in the veſſel. Here the addition of fire 
haſtens the congelation, and the greater the fire 
is, and the ſooner the ſnow melts, ſo much the 


ſooner the 1ce 1s formed. This could not be, un- 


leſs the fire drove the conglatiating particles out 


of the ſnow into the water of the veſſel. And I 


doubt much whether any one would be fo hardy 


as to pretend, that here the fire drives the ab- 


{ ſence of fire in the ſnow into the middle of the 


veſſel. | 
We have collected more arguments for this opi- 


nion in the commentaries which we have adjoined 


to the Florentine eſſays. 

F. 759. And now we may propoſe theſe queſ- 
tions. Firſt, Why water in a phial, when turn- 
ed into ice, is not found to be heavier ? Secondly, 
How ſmall a quantity of heterogeneous matter is 
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ed into a ſolid maſs, as is ſhewed in ſulphur, oil 
of vitriol, and other things? Thirdly, What are 
the congealing bodies? Fourthly, Why does it 
freeze with us chiefly in winter ? Fifthly, What 
fluids may be congealed ? Sixthly, How far doe 
froſt*penetrate into the earth? Seventhly, Whence 
ariſe thoſe very high mountains of ice, which are 
to be ſeen in the northern ocean? Laſtly, And i; 
not the ſea frozen allo ? 


The End of the firſt Volume. 
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